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ABSTRACT
As predictive validity is so generally established using bivariate correlations
or multiple regressions job performance must usually be reduced to a single
variable. This is in spite of considerable evidence that job performance is
a multidimensional construct composed of several facets. Additionally, the
predictive validity of ability tests declines with increasing time from test-
ing, suggesting that job performance may best be viewed as a developmental
construct. When both of these premises are true, it is possible that different
developmental trends in job performance facets are obscured by considering
only univariate performance. The purpose of this paper is to explore how
to predict the development of different dimensions of job performance over
time. We refer to this situation as validation for multivariate dynamic crite-
ria. Viewing predictive validity in this way necessitates a process model for
the domain of job performance. This paper develops a theoretical process
model that draws together concepts from socialization and the literature on
skill acquisition (Ackerman, 1987; Murphy, 1989) and presents a multivariate
multilevel model for multiple performance facets measured at 4 times. The
model was fitted to data from a 12-week long police training academy using
the SAS and R systems. Cognitive ability and Big 5 personality traits are
used to predict slopes and intercepts for the performance criteria. Changes
in the criteria are mapped onto changes in identity and motivation mech-
anisms. The pattern of findings is generally consistent with corresponsive
development and socialization effects.
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Chapter 1
INTRODUCTION
Personnel selection and the measurement of job performance have long oc-
cupied the scholarly attention of industrial and organizational psychologists.
The development of selection measures and procedures has been a major fo-
cus of research and applied work for the last century (Schmidt & Hunter,
1998). The advent of meta-analytic procedures has helped clarify issues
regarding how well measures of individual differences can predict job per-
formance, leading to the consensus that cognitive ability tests are the best
predictors of overall job performance (Ree & Earles, 1994; Schmidt & Hunter,
1998). In addition, personality measures, such as tests of conscientiousness
can also provide reasonable prediction of job performance (Barrick & Mount,
1991). These personality measures can add substantial incremental validity
over cognitive tests (Schmidt & Hunter, 1998).
Much of the emphasis in studying the performance-prediction problem
has been on developing and refining predictors, with too little attention paid
to the performance criteria these measures are supposed to predict (Camp-
bell, 1990). Reviews of the job performance literature often call for greater
study of the criteria themselves (Borman, 1991; Borman, Hanson, & Hedge,
1997; Ghiselli, 1956; Weitz, 1960), giving particular attention to the latent
dimensionality and temporal aspects of the job performance construct.
This so-called criterion problem has long plagued organizational scien-
tists (Austin & Villanova, 1992). The criterion problem arises because there
is considerable difficulty in defining the boundaries of the job performance
construct and then translating that definition into measurement instruments.
This paper begins by examining job performance in detail, constructing a
multidimesional and developmental model of job performance. Job perfor-
mance is defined as a broad behavioral repertoire (Humphreys, 1992; Mo-
towidlo, Borman, & Schmit, 1997). It is expected that the behaviors in
the repertoire will be reflected in measurements of job performance crite-
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ria, which should be sampled broadly (e.g., Hanisch, Hulin, & Roznowski,
1998). Evidence that measurements of performance criteria demonstrate a
multidimensional structure is then examined. Next we discuss how treating
multidimensional performance facets as unidimesional, as is often the case,
can cause severe problems in estimating validity (Murphy & Shiarella, 1997;
Murphy, 2009). Furthermore, the criterion is not necessarily static, but may
be distributed within individuals over time (Austin, Humphreys, & Hulin,
1989; Henry & Hulin, 1987; Hulin, Henry, & Noon, 1991; Humphreys, 1960;
Kane, 1986).
This vantage point provides a view of job performance as an outcome of
the general adult development process. Therefore, it is expected that both
the size and contents of the repertoire should change over time as individu-
als selectively optimize their efforts towards work role-consistent goals (e.g.,
Baltes, 1997; Day, Harrison, & Halpin, 2009). The evidence that performance
demonstrates such a developmental trend is examined, with particular em-
phasis given to the problems such changes pose for making valid inferences
from predictors measured at a single point in time (Hofmann, Jacobs, &
Baratta, 1993; Hulin, Henry, & Noon, 1990).
Given the above issues of multidimensionality and temporal instability,
current models of predictive validity for job performance criteria are inade-
quate; however, the validation of selection measures is simply an application
of the scientific method (Cronbach & Meehl, 1955; Messick, 1989; 1995). A
claim that a test is valid means that inferences made about scores on the
test are accurate for a particular purpose or set of purposes (Angoff, 1988).
Test validation involves determining that the instrument used measures the
construct it is intended to measure, and that it demonstrates theoretically ap-
propriate external relations, specifically, predicting criterion measurements.
Therefore, a claim of predictive validity is an implied causal claim; predictive
validity is a directed association between some predictor construct and some
outcome construct (Binning & Barrett, 1989).
The approach advocated in this thesis builds on previous causal models
of job performance (Hunter, 1983; Schmidt, Hunter, & Outerbridge, 1986).
Such models explicitly treat the performance prediction problem as one of
causal inference. Causal models of job performance attempt to extend valida-
tion research by capturing the mediating processes that transmit the causal
influence of the personal attributes measured by the selection system to per-
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formance behaviors. As a causal hypothesis, validation designs should max-
imize the strength of this inference. Hence, designing a validation study
for a measure requires an adequately broad sampling of performance in-
dicators, and appropriate timing of predictor and criterion measurements.
Such a study should also specify appropriate mediating variables, so that
a causal model of the multivariate dynamic processes underlying the pefor-
mance repertoire may be tested; this design allows relatively strong inferences
about the process to be made (e.g., Heckman, 2008; Pearl, 2009; cf. Smith,
1976). Validation designs are usually incapable of controlling for the variance
of all possible third variables, so the “causal” models discussed throughout
do not truly demonstrate causation. They merely show whether the data are
consistent with the specified theoretical model or not. Many other causal
structures are possible.
The current study addresses the process of establishing validity in the
context of these multidimensional and changing job performance criteria.
Validity will be demonstrated by examining a process model for the mul-
tidimensional performance repertoire. This model is built by drawing on
the adult development literature (e.g., Baltes, 1987; 1997; Day et al., 2009).
Taking this perspective as a guide, individuals are viewed as being funda-
mentally multilevel phenomena themselves. The iceberg metaphor will be
used for individuals: the behavioral repertoire is merely an observable, sur-
face level manifestation. Beneath that surface exists a variety of affective
and regulatory mechanisms, for example, goal orientation and self-efficacy,
which drive behavior at a given time. At the deepest level, far below the
surface, are identity mechanisms, such as the self-concept or the individual’s
view of his or her own personality traits and motives, which are the core
developmental constructs considered in the proposed model. This hierarchy
of mechanisms is consistent with the Neo-socioanalytic model of personality
(Roberts, 2006). These perspectives are drawn together by invoking concepts
of socialization and corresponsive development (Roberts, 2006; Roberts &
Caspi, 2003). Individuals will invest their limited resources to optimize per-
formance in specific roles, and it is expected that they will choose investment
patterns most in line with their dispositional preferences (c.f., Baltes; 1997)
Each of these levels is dynamic, and change in one level should feed
through to the other levels, but the levels need not change at the same
rate. It is expected that these levels will interact in spiraling patterns (Day
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et al., 2009; Day & Sin, 2009). For example, as an individual attempts a
new work task and succeeds, that success will reinforce the individual’s per-
ception of him- or herself as a competent worker, which should in turn foster
positive beliefs about work skills, which should lead to further attempts at
new tasks. On the other hand, if the worker attempts new tasks and fails
them, the weight of this failure or punishment from the environment (e.g.,
supervisor reprimands the worker) should foster negative beliefs about the
worker’s skills and negatively impact his or her self-views, potentially leading
to a downward performance spiral. Such environmental feedback could also
encourage certain workers to blame their tools or develop the idea that the
task is meaningless or impossible. This study will focus on internal attri-
bution processes, but there are other belief mechanisms that could lead to
similar outcomes.
Furthermore, if the performance repertoire is indeed multidimensional,
the influence of changes in the deeper levels of personality organization may
even be in opposite directions for different aspects of performance. For in-
stance, broad trait measurements may obscure trends in their lower-order
facets. Two major facets of the personality trait Extraversion are Social
Dominance and Social Vitality. Mean levels of Social Dominance appear to
increase throughout the lifespan, whereas Social Vitality seems to peak in
early adulthood and then decline (Roberts, Walton, & Veichtbauer, 2005).
So, change in a deep level construct may filter up to the surface with differing
manifestations in different domains of behavior. For instance, someone may
become more agreeable as she ages, which may allow for more fluid social
interactions with peers, but may make it more difficult to provide critical
feedback to subordinates.
From a perspective based on adult development, the validation of selec-
tion tools requires appropriate timing of criterion measurements, in order to
capture the variability and trajectory of performance facets. For instance,
estimating a true intercept for an individual growth model would require a
“time zero” measurement, a time when the participant has effectively no ex-
perience with the job and no appreciable job knowledge or skill. Repeated
measurements of the criteria must then be taken with a frequency and pat-
terning that are appropriate to model the trajectory of job performance.
In order to correctly time these measurements requires a relatively strong
underlying theory regarding the developmental process of job performance
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behaviors.
In summary, this paper presents a viewpoint of job performance as a
repertoire of behavior, which is a surface level outcropping of a particu-
larly important role-identity, that of the worker. This system of behaviors is
open and dynamic, and the development of the repertoire rests on changes
in underlying identity and self-regulatory mechanisms. This system will be
explored by examining the trace evidence of behavior that is captured in mul-
tivariate dynamic criterion measurements (e.g., Dalal & Hulin, 2008), in that
several facets of the performance repertoire are measured at several points
in time. The development of the repertoire will be mapped onto changes in
identity and regulatory mechanisms with self-regulation operationalized by
goal orientation, self-efficacy, affect, and motives for doing the job, and iden-
tity operationalized by personality trait ratings. Furthermore, these changes
will be related to individual differences that can be measured in a selec-
tion setting, specifically cognitive ability and personality traits. The validity
of those individual difference measures is expressed by evaluating a process
model of the development of the job performance repertoire.
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Chapter 2
LITERATURE REVIEW
2.1 A behavioral definition of job performance
Let us consider a definition of job performance. Thorndike’s (1949) ulti-
mate criterion provides a historically reasonable starting point (e.g., Borman,
1991): the sum of all contributions that an individual makes to the work-
place. The example offered by Thorndike is that of an insurance salesperson
who sells all the policies it is possible to sell, never allows those policies to
lapse, and continues to do so for very many years. The ultimate criterion is
ultimate in the sense that it is the absolute goal of any selection or training
program. It is far abstracted from the particular performance measurements
that practicing managers will employ to rate their subordinates. Yet such
abstraction is useful for organizational scientists to derive a meaningful oper-
ationalization of the job performance construct. Viewing performance from
the standpoint of the ultimate criterion shows that we should be concerned
that our criterion measures show sufficient breadth, covering the major do-
mains of contribution an employee can make, and that the measures chosen
reflect the lifetime contribution an employee makes.
We will think of the job performance repertoire analogously to Humphrey’s
(1992) definition of intelligence: the set of learned behaviors comprised of
knowledge, skills, abilities, and other characteristics considered to be intel-
lective. This paper will consider job performance as a behavioral construct
(e.g., Motowidlo et al., 1997): job performance is a repertoire of behav-
iors that are needed to execute the tasks, duties, responsibilities, and other
obligations that are relevant to achieving organizational goals (Astin, 1964;
Murphy, 1989). This set is fuzzy in that such behaviors need not belong ex-
clusively to the domain of job performance; they may be necessary to perform
in other roles, such as playing sports, raising children, or enjoying leisure ac-
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tivities. Which behaviors constitute work for some individuals may be play
for others.
Naturally, all behaviors have causes, and job performance behaviors are
no different (e.g. Wernimont & Campbell, 1968). Knowledge and skill are
important determinants of job performance behaviors (Campbell, 1990; Mo-
towidlo et al., 1997). Furthermore, motivational or habitual variables also
determine performance behaviors. Several studies of the antecedents of per-
formance support this contention (Borman, White, Pulakos, & Oppler, 1991;
Hunter, 1983; Schmidt et al., 1986). These studies show that the influ-
ence of traits such as cognitive abilities or personality characteristics on job
performance ratings is mediated by the job knowledge and skills that the
individual has developed. Motowidlo and colleagues described these medi-
ating constructs as the outcome of developmental transactions between the
individual’s deep characteristics and environmental pressures; they are “char-
acteristic adaptations”, in the terminology of McCrae and Costa, 1996.
Behaviors are not necessarily fungible. For example, as a professor, when
one is engaged in a teaching episode such as lecturing, it is not possible to
simultaneously be conducting research. Hence, an individual does not engage
in all of these behaviors at all times. Instead, job performance is composed
of many discrete behavioral episodes (Beal, Weiss, Barros, & MacDermid,
2005; Motowidlo et al., 1997). These episodes can be scaled in terms of their
dollar value to the organization (Motowidlo et al., 1997). But, we must note
that not all behavioral episodes enacted at work will be relevant to orga-
nizational goals, some may be neutral. Also, some behaviors will provide
positive contributions to the organization’s technical core (e.g., producing a
document, selling a car), while other behaviors may be positive to the so-
cial environment that supports that technical core (e.g., assisting a colleague
with a difficult analysis, mentoring a junior salesperson). Other behaviors
may be negative or destructive (e.g., conducting unethical research, joyriding
in a dealer vehicle), and some may signal poor working conditions or dissat-
isfaction (e.g., surfing the internet; being late to work). It follows that, while
the performance repertoire can be seen as a unidimensional construct at the
level of organizational utility, the behaviors themselves reflect potentially
many facets.
The behaviors that an individual enacts in any specific behavioral episode
are likely to be the product of any number of deep traits and situational con-
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straints. Some of these factors are likely to influence chronically accessible
behaviors. For example, undoubtedly, the knowledge and skill possessed by
the individual is implicated (Campbell, 1990; Motowidlo et al., 1997; Schmidt
et al., 1986). Furthermore, motivational variables are necessary (Campbell,
1990). All the skill in the world will not result in performance behaviors if
the individual does not choose to apply that skill to the tasks at hand. Work
habits may also be essential for describing an individual’s typical levels of
performance (Motowidlo et al. 1997). Other factors may be transitory. For
instance, the Broaden and Build theory implicates positive emotion in mak-
ing exploratory behaviors temporarily more accessible (Frederickson, 2001;
Seo, Feldman-Barrett, & Bartunek, 2003). Furthermore, the episodic pro-
cess model suggests that the attentional and regulatory resources available
in any given performance episode, resources that are necessary for engaging
in work behaviors, will be depleted by off-task attentional demands and the
self-regulation activities required by previous episodes (Beal et al., 2005).
2.2 Operationalizing performance criteria
Perhaps reflecting a devotion to the ultimate criterion, for many organiza-
tional purposes job performance is distilled to a single “criterion”. This may
be some single, unidimensional performance indicator, a factor score for some
set of performance indicators, or a composite of indicators. Dunnette (1963)
disparaged such “distilled essence” criteria, which he viewed as inappropri-
ately combined indicators of performance (i.e., scaled by loadings on the first
principal component, regardless of component structure, etc). Dunnette ar-
gued that such criteria demonstrate limited construct validity and he failed
to see their usefulness in scientific research.
Such “distilled” criteria need not be meaningless. Hulin (1982) presented
a higher-order factor model of performance ratings, with a meaningful gen-
eral factor at the second level. Hulin argued that since ratings reflecting
multiple performance dimensions must often be collapsed to make person-
nel decisions, use of a general factor involves fewer arbitrary decision rules
and preserves more information than other methods. Further evidence for a
higher-order factor was provided by Viswesvaran, Schmidt, and Ones (2005),
who demonstrated the presence of a general factor in performance ratings
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even after controlling for halo error. Additionally, Harrison, Newman, and
Roth (2006), based on the compatibility principle (Fishbein & Ajzen, 1975,
pp. 292 - 298; 352 -353), argued for the use of broad criteria, aggregating
many aspects of performance, when using broad attitudes to predict behav-
ior. Note, however, that all of these approaches involve higher-order models;
there exist separable dimensions of performance at lower levels. For example,
Harrison, Newman, and Roth (2006) used a definition of general performance
that is based on lower-order factors of focal performance, citizenship perfor-
mance, and withdrawal.
2.3 Dimensional problems of criteria
Multifaceted viewpoints have been suggested for operationalizing job per-
formance criteria for many years (e.g., Smith, 1976). For instance, Smith
contrasted the ultimate criterion with the measurements that organizations
have to make in practice. Practical concerns force decision-makers in or-
ganizations to make judgments regarding what is considered important in
the measurement of performance (Murphy, 2009; in press). Smith outlines
how criteria can be placed into three two-dimensional slabs, ranging from
specific to general observations, and immediate to distant time frames. The
slabs themselves represent actual performance behaviors, the results of one’s
behaviors, and the effectiveness of those results.
In parallel, Ghiselli (1956) offered a sophisticated argument that perfor-
mance criteria demonstrate dimensionality in three ways: (1) statically, such
that there are multiple, possibly independent components of performance
(for instance, the eight dimensions in the Campbell model); (2) dynamically,
with latent temporal trends influencing measurement (for instance linear or
quadratic trends in individual growth curves); and (3) individually, such that
individuals in the same job may perform in qualitatively different ways (for
instance, employees have entirely non-overlapping repertoires of job perfor-
mance behaviors, but both repertoires are effective at executing job func-
tions). The individual dimensions are probably the most difficult dimensions
to describe, but Ghiselli provides a good example: two salespersons operate
in the same store, one makes many sales generating considerable revenue,
while the other generates good will encouraging customers to make pur-
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chases throughout the store, but does not make as many direct sales. Both
approaches may provide the same economic benefit to the organization, but
in qualitatively different ways. The data needed to address Ghiselli’s con-
jectures regarding the dimensionality of performance criteria are three-mode.
Figure 2.1 shows a general outline of factor analytic designs that may be used
to address the dimensional problems of job performance criteria (Cattell,
1952; cf., Spain, 2007). In the figure, variables would be indicators of various
performance behaviors, for example, objective criteria, ratings of task or con-
textual performance or absences. Occasions represent different measurement
opportunities, for instance, annual or semi-annual performance evaluations.
Figure 2.1: Cattell’s Basic Data Relations Box.
Ghiselli’s arguments were based on problems identified in the literature
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at that time. Empirical study has provided evidence for his claims (Inn,
Hulin, & Tucker, 1972). This particular study explored a sample of 184
airline reservation agents measured on 11 performance variables each month
for five months. Their analyses recovered a 4× 3× 3 component structure,
which can be interpreted as there being 4 “types” of employees who varied in
the degree to which they performed 3 different aspects of performance, and
that there were three distinct time trends underlying their performance. A
study designed and analyzed in this manner provides the most direct test
of Ghiselli’s conjecture, but there is further evidence that the performance
repertoire is multidimensional and changes over time.
2.4 Implications of the multidimensional nature of
job performance
While arguments for multiple criteria go back many decades (Smith, 1976),
the work of Campbell and colleagues provides some of the best evidence that
the job performance repertoire is multidimensional (Campbell, 1990; Camp-
bell, McCloy, Oppler, & Sager, 1993). Using the U.S. Army’s Project A data,
these authors uncovered an eight dimensional structure that applies broadly
across a sample of jobs. This eight dimensional representation of the job per-
formance repertoire is often referred to as the “Campbell Model”. Specifically,
we can discuss two task performance components, job-specific and non-job-
specific, which refer to the technical core of the job and technical duties that
are dispersed over the organization, respectively. Additional job performance
dimensions include written and oral communication proficiency, which are di-
vorced from the quality of the content (which probably falls more under the
job-specific task proficiency dimension). We can also measure such dimen-
sions as facilitating team and peer performance, supervision, administration,
and maintenance of personal discipline.
Even if one does not use the Campbell model specifically, considerable
information about “overall job performance” is lost without considering con-
textual performance, or the individual’s social and non-technical contribu-
tions to the workplace, in addition to task performance (e.g., Borman & Mo-
towidlo, 1997). For example, Motowidlo and Van Scotter (1994) found that
ratings of task and contextual performance independently predicted ratings
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of overall job performance (see also, Johnson, 2001). Such a finding indi-
cates that organizational decision-makers, in this case, frontline supervisors,
care about more than just the core technical contributions an employees
makes. In addition to task and contextual performance, we can add re-
fraining from counterproductive behaviors (e.g., Dalal, 2004) or withdrawal
behaviors (Hulin, 1991). These dimensions essentially capture whether an
employee avoids engaging in behaviors that are harmful to the organization.
For instance, Harrison and colleagues (2006) modeled “general”, or overall,
performance with focal (task) performance, citizenship (contextual) perfor-
mance, and withdrawal, as its lower-order indicators.
Ignoring the dimensionality of job performance has consequences for va-
lidity inferences (Murphy & Shiarella, 1997). These authors employed Monte
Carlo simulations of a selection battery consisting of cognitive ability and per-
sonality tests in predicting composites of task and contextual performance.
They found that the effective weights given to the different performance mea-
sures accounted for 34% of the variance in predictor battery validity. By ef-
fective weights, we mean both the nominal weights assigned by organizational
decision-makers (e.g., “We value task performance twice as highly as contex-
tual performance in this organization”) combined with the actual variability
of the performance facet. They argued that an organization’s operational
definition of performance is a “true and important source of variability in
validity” (p. 823). Murphy (2009) would go on to argue that an organiza-
tion’s values are an inseparable aspect of such decisions. This statement can
be seen as a codification of the above; organizational decision-makers encode
what they care about, what they value implicitly or explicitly, in their weight-
ing of performance criteria. What aspects of performance are measured and
how that information is combined serves to create the incentive structure of
the organization, which in turn has natural implications for the behaviors
individuals engage in.
Murphy and Shiarella also found that an additional 23% of the variance
in validity was accounted for by the weights assigned to predictors. Thus,
it seems wise to examine the multivariate nature of the predictor-criterion
relationships. If this is not properly done, operational validity obtained by
considering the bivariate relationships may be much lower than can be ob-
tained for even the same set of predictors and criteria in an appropriately
multivariate fashion.
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2.5 Implications of dynamic criteria
Beyond the potential problems associated with multivariate criteria, there
may be additional complications due to criteria that change over time. Early
evidence of the dynamic nature of performance criteria was provided by Ghis-
elli and Haire (1960), who showed that selection test validity fluctuates over
time. The term dynamic criteria is often used to describe the general de-
crease in predictive validity coefficients over time, though the term may also
refer to any of several forms of change in job performance scores (e.g., Barrett,
Caldwell, & Alexander, 1985). Unreliability, range restriction, and differen-
tial range restriction have been proposed as statistical artifacts that might
explain the validity degradation problem (Barrett et al., 1985). Specifically,
these artifacts would serve to attenuate validity coefficients, and may produce
greater attenuation as time from selection increases.
Meta-analytic techniques have been used to correct the validity coeffi-
cients for these artifacts (Hulin et al., 1990). Hulin and colleagues found
that 82% of the studies showed validity degradation, and corrected stud-
ies showed more extreme decay. Keil and Cortina (2001) also conducted a
meta-analysis on dynamic criteria studies, using catastrophe theory to make
predictions about the functional form of the decay, specifically, that validity
decay would follow a cubic trend. These authors also found support for the
ubiquity of validity degradation.
There are several explanations for why validity decays over time. The
most commonly invoked are the changing task and changing person models
(Alvares & Hulin, 1972; 1973). These models state that either tasks change
over a period of time or practice such that the tasks draw on the abilities
needed to perform them in a different way than they do when first learning
the task, or that the person learns and changes on those attributes, with task
demands remaining constant. Both approaches may be modeled using the
formula:
Yij =
K∑
k=1
(ajk × xijk) + eij + sj (2.1)
where Yij is performance for the ith individual on the j th trial; ajk is the
weight of the kth common ability for determining performance on the j th
trial; xikj is the ith person’s score on the kth common ability at the time of
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the j th trial; eij is the measurement error for person i on trial j; and sij is a
unique factor for trial j; we assume the error terms have a mean of zero and
are uncorrelated with each other and with scores on the common abilities.
Therefore either a change in person scores, xijk, over trials (changing persons
model) or change in ability weights, ajk, over trials (changing task) could
account for changes in performance.
Classical theories of skill acquisition would suggest that the changing
person model does not make sense, as these models define abilities as rel-
atively immutable attributes (e.g., Alvares & Hulin, 1972). These classical
approaches make a sharp distinction between abilities and skills, where abil-
ities are viewed as broad, general traits that affect a large number of tasks,
and skills are viewed as narrower and more task-specific. Alvares and Hulin
(1972) suggest that this approach is too strict a distinction (e.g., Humphreys,
1992). This sharp distinction is useful in some ways, as it creates a clear sep-
aration between distal predictors, proximal determinants, and performance
(see section 2.7 for a quick overview). As a preview, the Campbell model (and
related models, such as Motowidlo et al., 1997; Schmidt et al., 1986) holds
that typical individual differences, such as cognitive abilities and personal-
ity traits, predict the presence and/or acquisition of knowledge, skill, and
motiviation/habits that are the direct causes of job performance behavior.
The model that will be tested in the current paper, however, is built
around a changing persons interpretation. This is consistent with some re-
search in the literature on dynamic criteria. For instance, Henry and Hulin
(1987; 1989) argue that the changing task model would predict a plateau in
validity degradation, which is not typically found (Henry & Hulin, 1987). In
contrast to more classical theories of skill acquisition, the change in individ-
uals is not just learning skills and changing abilities, but changing identity
(Day et al., 2009; Day & Sin, 2009). As the individual is socialized to a
particular work role, it is expected that the role identity will become more
elaborated and, over a long enough period of time, may filter down to the
individual’s general self-concept (Roberts et al., 2006). This elaboration of
identity will feed forward, and individuals who display characteristics con-
sistent with the work role will develop beliefs and motivational structures
that allow the acquistion of more job knowledge and skills and more effective
work habits (Motowildo et al., 1997).
For example, a police training program socializes individuals to the work
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role of being a police officer, teaching them work skills and cultural norms
for police officers. It is an environment likely to favor dominant individuals.
For instance, a police recruit high in social dominance may be more comfort-
able using extreme physical control tactics, such as pepper spray or tasers.
Successful use of these may foster greater efficacy beliefs for control tactics.
These competence beliefs should, in turn, reinforce the recruit’s identity as
an effective police officer. Therefore, the individual becomes more comfort-
able with asserting control in difficult social situations and less reactive to
the stress of those encounters. This self-assurance, in turn, may allow the
individual to approach new challenges with mastery goal orientation, and
attempt further exploration of his or her behavioral repertoire (cf., Day et
al., 2009; Day & Sin, 2009; Roberts, 2006).
2.5.1 Multilevel perspectives on performance over time
Using a multilevel framework to analyze performance over time allows re-
searchers to integrate two of Barrett, Caldwell, and Alexander’s (1985) per-
spectives on dynamic criteria (Deadrick, Bennett, & Russell, 1997): (1) the
decrease in validity over time, and (2) individual changes in performance over
time. We disregard the third of Barrett et al.’s definitions of dynamic crite-
ria, that of mean changes in performance, as it is largely irrelevant for the
purposes of the argument presented here (cf., Austin, Humphreys, & Hulin,
1989). The first perspective is concerned primarily with validity degradation.
This is the perspective that is generally most problematic for practitioners;
the selection test works well for predicting initial performance, but its validity
declines over time. The second perspective is concerned primarily with the
instability of performance over time (e.g., Kane, 1986). Multilevel growth
models allow the investigation of predictive validity for both performance
intercepts and slopes, allowing for simultaneous inferences regarding initial
performance and performance change. An additional strength of multilevel
modeling is the ability to estimate both fixed effects and random effects,
which represent general trends and individual trajectories, respectively (e.g.,
Singer, 1998).
The decay of validity over time should be of considerable concern to devel-
opers and users of selection systems. Echoing the definition of the ultimate
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criterion, organizations are more interested in hiring those employees who
will perform well over the course of their tenure, not just at the beginning of
their employment. Of course, declining validity does not necessarily imply
that any employees are becoming worse at their jobs, but it does mean that
the tests used for selection provide less information about performance the
further away in time that performance is measured. Thus, the prediction
of performance over time becomes an issue. The identification of predictors
of performance change may prove to be as important as predictors of early
performance, if not more so (Hofmann, Jacobs, & Gerras, 1993; Ployhart &
Hakel, 1998).
Some hope for predicting performance trajectories may lie in personality
trait measures; while the decline in validity for ability predictors is well-
documented, the dynamic relationship of personality and performance is less
studied. For instance, conscientiousness is generally positively related to job
performance (e.g., Barrick & Mount, 1991), however, it has been found to
negatively predict learning in training (Martocchio & Judge, 1997). Mar-
tocchio and Judge found that the negative impact of conscientiousness was
mediated by the motivational variables self-efficacy and self-deception. How-
ever, other researchers have not found evidence for mediation (e.g., Lee &
Klein, 2002). Lee and Klein also found that conscientiousness had no mean-
ingful relation to early learning, but correlated .22 with later learning. As a
whole, these results indicate that conscientiousness may be inconsequential
to performance in the transition phase, when knowledge and skill are being
acquired, but important during the maintenance phase, when those skills are
well-practiced (Murphy, 1989).
In fact, conscientiousness has been found to display somewhat complex
patterns in predicting performance trajectories (C. Thoresen, Bradley, Bliese,
& D. Thoresen, 2004; Zyphur, Bradley, Landis, & C. Thoresen, 2008). In a
comparison of quarterly sales performance between transitional and mainte-
nance samples, Thoresen et al. (2004) found that both conscientiousness and
extraversion predicted performance differences between participants, while
only conscientiousness predicted performance growth in the maintenance
sample. Agreeableness and openness to experience predicted both perfor-
mance differences and trends in the transition phase. Zyphur and colleagues
(2008) used a censored latent growth model to predict seven semesters of col-
lege GPA using cognitive ability and personality. Their findings showed that
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both cognitive ability and conscientiousness predicted initial performance,
with cognitive ability the stronger predictor. However, conscientiousness
positively predicted performance trajectories, when controlling for initial per-
formance, and became the better predictor after the third semester.
The primary practical implication of dynamic criteria is validity degra-
dation. Furthermore, to the extent that it is not clear what the sources of
stability and change are in dynamic criteria, a scientific understanding of
the performance domain is hampered. The ubiquitous decline in validity for
cognitive predictors adds to the call for more holistic pre-employment assess-
ment. Other predictors may better explain performance in the long term
(e.g., in the maintenance phase; Murphy, 1989). Identifying individual char-
acteristics that differentially predict performance intercepts and slopes would
be useful in designing selection systems with long-term utility. Furthermore,
a solid scientific theory of the development of the performance repertoire
may allow insights into how to accelerate the process, which would assist in
developing training and development programs. In the next section, a frame-
work for validating selection instruments using multivariate dynamic criteria
is developed.
2.6 Validation: A causal model of job performance
A central task for industrial and organizational psychologists has always been
the prediction of job performance. This is also a central concern for business
organizations. Quality measures of individual differences that strongly pre-
dict job performance allow for better selection systems and hiring decisions.
It is critical to acknowledge that validity is not a property of an instrument
itself. Validity refers instead to the quality of inferences made about scores
on that instrument (Angoff, 1988). It is not the case that a written ability
test is somehow inherently valid, but that scores on the measure reliably pre-
dict performance on the job; the test, therefore, can validly be used to select
applicants for a position.
When an applied psychologist designs a predictive validity study, that
psychologist is, at least implicitly, making a causal hypothesis. Scores on the
selection instrument are the trace evidence of a psychological phenomenon,
such as the tested individual’s cognitive ability. Criterion measures are simi-
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larly trace evidence of the job performance behavioral repertoire. The point
of validation is to ensure that these measures reflect evidence of those con-
structs, and there is a meaningful predictive relationship between the con-
structs (Binning & Barrett, 1989; cf., Schmidt et al., 1986). A claim that a
test has predictive validity is really a claim that the phenomenon of cognitive
ability bears some causal connection to the phenomenon of job performance.
Various studies have tested “causal models” for the cognitive ability to job
performance relationship (Borman et al., 1991; Hunter, 1983; Schmidt et al.,
1986; Schmidt & Hunter, 1992). These models all demonstrate that the in-
fluences of distal traits are mediated by the individual’s current repertoire of
knowledge and skill (cf., Humphreys, 1992).
Validation research, from the standpoint of personnel selection, is funda-
mentally a search for the causal model underlying job performance. In order
to craft this model, we must first collect information on appropriate criteria,
which are likely multidimensional. We must then establish what are the di-
rect antecedents of performance facets, for example declarative knowledge,
procedural knowledge and skill, and work habits or motivation (Campbell,
1990; Motowidlo et al., 1997). We can then assess whether the data are
consistent with a causal model with pathways from deep-seated traits, such
as cognitive ability and personality traits, through these knowledge/skill and
habit/motivation constructs to performance criteria (Borman et al., 1991;
Hunter, 1983; Schmidt et al., 1986). These models have been tested with
each of the main variables measured once (though not necessarily at the same
time). A process approach, with variables sampled at appropriate and mul-
tiple time points based on adult development theory, would provide stronger
evidence for the process by which an individual’s personal resources become
invested in knowledge, skill, and habits, which then allow the individual to
engage in performance behaviors.
2.7 Validation evidence: A review
Next, the current evidence on the validity of cognitive ability and person-
ality measures will be examined. Then, evidence for the causal processes
by which cognitive ability and personality influence behaviors in the per-
formance repertoire will be reviewed. The logic behind establishing such
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causal models is that understanding the linkages between distal individual
differences and work behavior is enriched by understanding the more prox-
imal determinants of behavior more accurately. Such knowledge can help
researchers to specify the circumstances in which a particular trait may be
useful for predicting a particular facet of performance over a given time
period. For example, understanding how goal constructs may mediate the
influence of personality traits on behavior helps to clarify how the social set-
ting of work may moderate the validity of certain personality traits, such as
extraversion and agreeableness (Barrick, Mount, & Stewart, 2003).
2.7.1 Cognitive Ability
Cognitive ability has been demonstrated repeatedly as the single best pre-
dictor of job performance (Ree & Earles, 1992, Hunter & Hunter, 1984,
Schmidt & Hunter, 1998). Meta-analytic estimates of the correlation be-
tween cognitive ability tests and performance criteria are about .51 (Hunter
& Hunter, 1984; Schmidt & Hunter, 1998). Only work sample tests demon-
strate higher validity (.54; Schmidt & Hunter, 1998). However, these tests
require some job knowledge, making them inappropriate to entry-level jobs,
and these tests are relatively more costly than written cognitive ability tests.
Additionally, work samples may more appropriately placed in the portion of
the nomological network of job performance occupied by job knowledge and
skill. Additionally, cognitive ability tests are generally effective at predicting
both academic and job success, to approximately the same degree (Kuncel,
Hezlett, & Ones, 2004).
Why are cognitive ability tests so effective at predicting job performance?
The Campbell model (Campbell, 1990; Campbell et al., 1993) posits that
performance is directly determined by an individual’s declarative knowledge,
procedural knowledge, and motivation. These, in turn, are partially deter-
mined by individual differences in cognitive ability and personality traits,
such as conscientiousness. The implication here is that cognitive ability is
an indirect cause of job performance, its effect being mediated through the
acquisition of job knowledge and skill. Support for this contention has been
found (e.g., Hunter, 1986; Schmidt & Hunter, 1992; Schmidt et al., 1986).
The mediation by job knowledge would make tests of such knowledge more
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proximal predictors of job performance, though not always appropriate as
knowledge and skill may be acquired on the job.
There may, however, be some problems with this accumulated evidence.
The definition of performance is often “notoriously vague” (Murphy & Shiarella,
1997, p. 846). Furthermore, as the world of work continues to change, for ex-
ample as individual task performance becomes more and more nested within
team contexts, the facets of performance that are most strongly related to
cognitive ability may decrease in importance to many organizations.
2.7.2 Personality
One personality trait that has been found to have an indirect effect is consci-
entiousness, similarly mediated by the direct determinant, motivation (Camp-
bell, Gasser, & Oswald, 1996). According to meta-analytic estimates, the
greatest total validity for two predictors is obtained by administering a cog-
nitive ability test with an integrity test (R = .65; Schmidt & Hunter, 1998).
This may be partially explained by the finding that integrity tests tap “all
that is good” from several useful personality constructs (conscientiousness,
agreeableness, and emotional stability; Ones, 1993). Integrity tests also show
loadings on a general factor, indicating that they may tap a broader construct
than just amalgamating the three above mentioned personality traits (Ones,
1993).
The incremental validity of integrity tests, and their relationship to per-
sonality variables leads to the question, how good are personality variables
at predicting job performance? Depending on the personality construct be-
ing measured and the care with which it is matched to criterion measures,
the prediction is quite good, in fact (Barrick & Mount, 1991; Tett, Jackson,
& Rothstein, 1991; Hogan & Holland, 2003). Conscientiousness, often de-
scribed in terms of dependability and achievement-orientation, is found to
be predictive across many jobs, with a meta-analytic corrected estimate of
validity in the area of .22 (Barrick & Mount, 1991). When matched with
criteria theoretically related to the personality construct under study, the
Hogan Personality Inventory shows strong predictive validity estimates, with
emotional stability showing the highest validity, in the realm of .40 (Hogan
& Holland, 2003).
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These constructs may be tied to job performance through their influence
on direct determinants, such as motivation or work habits.1 For instance,
conscientiousness is related to motivational constructs (Judge & Ilies, 2002),
such as goal choice (Gellatly, 1996), goal commitment (Hollenbeck, Williams,
& Klein, 1989), and generalized self-efficacy (Judge, Erez, Bono, & Thore-
son, 2002). Motivation in the Campbell model is defined as the choice to
perform, the level of effort to demonstrate in performance, and to persevere
in performance over time, which is similar to some views of conscientiousness.
The primary difference is that conscientiousness is seen as a relatively
stable trait, while motivation is viewed as more state-like (Kanfer & Ack-
erman, 1989). There is evidence demonstrating the link between consci-
entiousness and motivation in training, with a correlation of .38 (Colquitt,
LePine, & Noe, 2000). Thus, motivation may be seen as the most proxi-
mal non-cognitive variable in predicting performance, but assessing such a
state variable for personnel selection is not a good option. In line with this
reasoning, personality traits such as conscientiousness can be viewed as a
propensity distribution of engagement in behaviors in the domain defined
by that construct (cf. Fleeson, 2001). From this perspective, conscientious-
ness measures may predict performance by their ability to predict the rela-
tive likelihood that individuals will be engaging in dependable, reliable and
goal-oriented behaviors. Additionally, Barrick, Mount, and Strauss (1993)
provide evidence that the influence of conscientiousness on supervisory rat-
ings of performance is partially mediated by self-set goals. Individuals high
in conscientiousness are more likely to select goals and be more committed
to their goals; however, conscientiousness maintains a direct relationship to
performance ratings, indicating other pathways for its influence.
Conscientiousness has received a great deal of the attention in the I/O
psychology literature, perhaps because Barrick and Mount’s (1991) meta-
analysis found it to be a valid predictor for all of their occupational groups
and performance criteria. But conscientiousness is not the only personal-
ity trait that is predictive of performance. Using a meta-analytic sample of
confirmatory studies, where a particular personality trait had been a pri-
1It is possible that personality could also contribute to the development of job knowl-
edge and skill, for instance a conscientious worker may invest more heavily in study and
practice. Such a link is not often included in causal models of performance, such as Mo-
towidlo, Borman, and Schmit’s (1997) approach, but this does not rule out the possibility.
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ori hypothesized to predict an outcome, Tett and colleagues (1991) found
that both Agreeableness and Openness to Experience provided reasonable
validity coefficients (but see Ones, Mount, Barrick, & Hunter, 1994 for a
critique of the findings and methods of this study). In a meta-analysis fo-
cusing on the Hogan Personality Inventory, and matching personality trait
measures with performance criteria built to reflect behaviors relevant to par-
ticular traits, Hogan and Holland (1993) found Emotional Stability to be a
generalizable predictor of job performance. Furthermore, it is expected that
the relationship between any personality trait and any performance criterion
is moderated by both job autonomy and job type. For instance, Extraver-
sion is likely to be a more valid predictor of performance for salespersons,
whose jobs require a great deal of interaction with other people, than for
bookkeepers, whose jobs require significantly less human interaction. Au-
tonomy may influence the strength of the relationships between personality
traits and criteria, in that low autonomy jobs allow relatively little freedom
of behavioral expression, whereas high autonomy jobs do. Therefore, person-
ality trait measures should be most predictive in high autonomy jobs (e.g,
Barrick, Mount, & Strauss, 1993).
2.8 Lifespan development perspectives on the
performance repertoire
The validation evidence discussed above represents the beginning of a process
model for the development of the performance repertoire. One of the pur-
poses of this paper is to develop this process model more thoroughly. Most
approaches to the question of dynamic criteria have been explicitly cognitive
(e.g., Ackerman, 1987; Murphy, 1989; Zyphur et al., 2008), or have used early
performance as a proxy for ability (e.g., Henry & Hulin, 1987). The approach
advocated here will place the dynamic criteria problem within the broader
adult development approach, which includes personality characteristics in
development (e.g., Roberts, 2006).
The performance development process is conceptualized in a multilevel
fashion: the discrete performance behaviors are a surface-level manifesta-
tion of the individual’s attributes at the lower levels. Beneath these surface
behaviors are self-regulatory mechanisms that direct attention and effort to-
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ward particular goals, which may or may not be relevant to the organization
(Beal et al., 2005; DeShon & Gillespie, 2005). At the lowest level are identity
mechanisms, deep-seated conceptions of the self which may serve to choose
goals and actions (e.g., Hogan, Hogan, & Roberts, 1996). Each of these levels
is viewed as dynamic and developmental; however, the timescales involved in
each level’s change process may differ. For instance, we would expect that be-
havior change can be relatively rapid, with regulatory changes being similarly
fluid, while change in identity may require greater personal investment, and
may therefore take significantly greater lengths of time (cf. Helson, Kwan,
John, & Jones, 2002). Figure 2.2 shows a simple schematic representation of
the developmental model that will be developed throughout this section.
As can be seen in Figure 2.2, the individual’s identity is the foundation
on which all other levels rest. How the individual views him- or herself
will serve to help shape schematic knowledge structures, enforce particular
viewpoints in top-down processing, direct attention in characteristic ways,
and help shape personal projects, attachment patterns, and goals (Roberts,
2006). In turn, these social-cognitive mechanisms result in particular affective
and regulatory manifestations during any given behavioral episode (Beal et
al., 2005). These affective and regulatory mechanisms will interact with
particular environmental demands to produce behavioral responses. Note
that all levels are dynamically connected. It is expected that adjacent levels
may mutually influence one another.
2.8.1 Identity and self-regulation: Mechanisms underlying
behavior in performance episodes
The hierarchy of traits described above meshes with the Neo-Socioanalytic
Model of personality, which posits that individual differences are arranged in
several hierarchical domains, including cognitive abilities, personality traits,
values, and motives (Roberts, 2006). In particular, traits and motives have
long been alternative viewpoints to the organization of personality (Winter,
John, Stewart, Klohen, & Duncan, 1998). The constructs at the highest level
of organization are very broad and generalize over most specific situational
contexts. This does not mean these broad constructs are “decontextualized”,
or in some way context-free, but that they are built out of and define themes
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Figure 2.2: Schematic Representation of a Developmental Model of Perfor-
mance.
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underlying an individual’s characteristic way of interacting with the social
world.
The general consensus is that something akin to the Big Five (or Six
or Seven) surmounts the trait hierarchy and that broad life goals lie at the
top of the motive hierarchy (Roberts, 2006). These two domains are con-
ceptually distinct, but related (Roberts & Robins, 2000). The lower, more
situationally-contextual levels of the hierarchy are believed to mediate the
influence of the higher-level constructs on behavior (Bogg, Voss, Wood, &
Roberts, 2008). While this section describes constructs such as personality
traits as being at the top of their respective hierarchies, this means that they
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are at a deeper level; these constructs are highly identity-relevant and gener-
alize over the specific roles that the individual may be expected to inhabit.
This pattern of mediation of deeper traits by more contextual traits is
consistent with causal models of job performance (e.g., Schmidt & Hunter,
1992; Schmidt et al., 1986). Figure 2.3 presents a conceptual representation
of such a basic causal model. Specifically, cognitive ability is not expected
to directly cause job performance. An individual’s level of cognitive ability
instead influences the acquisition of job-specific knowledge and skill. The
knowledge and skills, in turn, are viewed as the proximal determinants of
job performance behaviors (Campbell, 1990). Studies such as Hunter (1983)
and Schmidt et al. (1986) include indicators of job experience as a proxy for
developmental opportunity. These models usually allow direct paths from
both ability and experience onto knowledge and skill, and allow knowledge
to affect skill.
Similar patterns are expected in the non-cognitive domain, such that so-
cial skills may be more relevant for contextual performance (Motowidlo et
al., 1997), though the evidence for this is more indirect (Gellatly, 1996). The
model presented in Figure 2.3 allows personality (shown only as conscien-
tiousness) to influence work skills and work habits/motivation, and for expe-
rience to influence work habits. This model is not put forth as a specific set
of predictions, but as a schematic representation of the adult development-
performance repertoire development process.
Let us return to the neo-socianalytic model (Roberts, 2006). We take
the example of an individual beginning his or her first “real” job. We expect
the environment, as represented by the role demands and expectations of the
job, to press for effortful and goal-directed behavior, behaviors within the
general domain of conscientiousness. We would expect that over time, the
investment the individual puts into this work role would perhaps lead him
or her to view him- or herself as a “hard worker”. This change is a change in
the individual’s role identity. The person may not yet view him- or herself
as an “industrious” individual, however. Such a self-judgment would reflect
change in their more general identity (Wood & Roberts, 2006). As time
passes, and the individual becomes more deeply embedded within their job,
we would expect greater investment in the work role, which could trickle down
to the deeper general identity, leading to a self-view of being “industrious”
and “conscientious”. This example illustrates the general argument made
25
Figure 2.3: Basic causal model of performance ratings
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in this thesis. As individuals adjust to a work role, they will craft their
behaviors such that their personal repertoires are adaptive for their respective
environments (Kerr, 1995) and their personal characteristics (Roberts, 2006).
The effectiveness of this crafting process provides feedback to the individual
on their competence and appropriateness in the role. This feedback affects
self-views, affecting general and role-specific identities. These revised self-
views, in turn, affect future behavior patterns.
Over a variety of individuals in a variety of contexts, such social invest-
ment processes are likely. The study described herein takes place within a
particular context, a police training academy. Individuals have self-selected,
and in turn, have been selected into this environment. As part of the the job
analysis for this project, police officers described themselves as individuals
who “like to carry a gun and drive fast”, and their jobs as “long stretches of
boredom, with moments of sheer terror”. Many individuals attempting to
become police officers have previous work experience, often having served in
a branch of the armed forces or in some other form of protective service, such
as emergency medical technicians, police dispatchers, or corrections officers.
Therefore, it is likely that individuals who attempt to become police officers
26
have a reasonable expectation of what the job is like.
Further, developmental experiences often follow the “corresponsive prin-
ciple” (Roberts & Caspi, 2003). For instance, individuals who are somewhat
impulsive, dominant, and low in stress reactivity may choose to become po-
lice officers. Training and on-the-job experiences would, in turn, favor these
traits which results in deepening and elaboration of these dispositions. In
the present study, the training academy is viewed as a socializing experience
that favors displays of social dominance and low reactivity to stress. For
instance, as part of training in “control tactics” recruits are expected to fire
a taser at another recruit, which is a dominant act, and to be fired upon,
which is a stressful experience. Therefore, it is expected that traits related to
dominance, particularly social potency will increase, and that traits related
to anxiety and stress reactivity, particularly neuroticism and stress reactance
will decrease.
2.8.2 Building a framework for the validation of multivariate
dynamic criteria
Criteria measurements representing the job performance repertoire are best
conceptualized as multivariate and dynamic. Murphy has suggested meth-
ods for dealing with multivariate criteria (Murphy, 2009; in press; Murphy
& Shiarella, 1997). Murphy’s discussion limits the dimensionality of per-
formance to task and contextual performance, but provides other criteria
of interest, such as the likelihood that using a particular test may produce
adverse impact. As mentioned above, these methods produce a single index
of validity, similar to standard validation procedures. However, the methods
allow an organizational decision-maker to specify the importance of a par-
ticular criterion. In addition to these multivariate methods, there are sev-
eral approaches to modeling the time factor in performance measurements.
This includes the multilevel approach taken by Deadrick et al. (1997) and
Hofmann et al. (1993), latent growth approaches (e.g., Chan, 1998), and
autoregressive latent trajectory models (Zyphur et al., 2007). All of these
approaches suffer from univariate thinking, although Chan’s approach does
allow multiple indicators.
First, consider why scientists and practitioners should care about both
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the dimensional structure and the temporal dynamics of performance in de-
signing validity studies. Dimensions of performance are both definitionally
and statistically separable. These dimensions may show differential patterns
of stability and change over time, which may be obscured by condensing them
into a single dimension. Recall the example regarding Extraversion and its
facets, Social Vitality and Social Dominance. These facets display different
patterns of growth and decline over the life course, with social dominance
increasing with age and social vitality decreasing (Roberts, Walton, & Ve-
ichtbauer, 2006). If one were to examine only aggregate extraversion, these
patterns of change would be hidden.
This suggests that individuals may engage in differential investment in
particular performance domains. For example, an individual experiencing
consistent negative environmental feedback regarding his task performance
may choose to invest more effort into building social capital in the workplace,
offering what assistance he can and generally being a pleasant coworker. This
could serve as a compensation mechanism, where the individual realizes that
the goal to be a highly competent worker is impossible and is replaced by
the goal to achieve value via social rather than technical means. In this
case, the individual’s trajectory for citizenship performance may be positive,
while his trajectory for focal performance may remain flat or even display a
negative trend. Therefore, even if performance facets can agglomerate into a
general factor at any measurement opportunity, to use such a gross, aggregate
measure may obscure different trajectories for different performance facets.
It is also possible that individuals who do not fit with the demands and
reward structures of the environment may simply choose to leave (Roberts,
2006; Schneider, 1987)
2.9 The current study
2.9.1 Research questions
The primary question asked in this study is: how do cognitive abilities and
personality traits jointly predict performance on multiple police work criteria
over time? Additionally, how do personality traits change in response to the
environmental press of learning a high stress job? Furthermore, the study
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addresses how changes in motivational structures influence performance on
different criteria. In essence, the study addresses how to effectively track the
multidimensional and dynamic properties of both sides of the performance
prediction problem. These research questions coalesce in an attempt to val-
idate a selection battery by developing a process model of multidimensional
dynamic performance criteria.
To address these questions, specific hypotheses are outlined below.
2.9.2 The causal model
The outline of this study follows the logic of the basic causal model of Figure
2.3. Individual differences measures, such as tests of cognitive ability or
personality traits, can serve as selection measures before applicants are hired.
Then knowledge and skill repertoires can be measured during training or on-
the-job, and final supervisory ratings or other indices of job performance can
be collected. These are the approaches used in most of the previous path
analytic studies (e.g., Schmidt et al., 1986).
The model in Figure 2.3 suffers from one major flaw. Work experience is
expected to influence the job knowledge and skills constructs as more time on
the job allows greater knowledge and skill acquistion. Experience is therefore
a proxy indicator of developmental opportunity. This study did not include
a measure of experience, because all participants are trainees with no di-
rect experience of the job. Instead, repeated measures of job knowledge and
work skills were taken. Job knowledge was indexed by 4 written examina-
tions given throughout the training program. Work skills were indexed by
instructor ratings of several behavioral demonstration exercises: simulated
vehicle stops, simulated response to disturbance calls (integrated scenarios),
firearms, and control tactics, taken at weeks 3, 6, 10, and 12. Measures of
cognitive ability and personality were taken on the first day of training, and
are consistent with the selection mechanisms typically used for police officers.
To capture changes in the participants’ identities, the personality mea-
sures and motives for police work were given at each followup assessment
(weeks 3, 6, 9, and 12), around the times that police recruits took their four
exams. Changes in regulatory mechanisms were indexed by two indicators.
Regulatory mechanisms were measured using job-specific self-efficacy (Jones,
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Figure 2.4: Example individual growth model of performance ratings
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1986) and work goal orientation (Vandewalle, 1997).
The logic of the basic causal model examined in this study is presented
in Figure 2.4.
2.9.3 Hypotheses
In general, to understand the relationships between broad constructs, their
more fine-grained aspects need to be measured and modeled (Schneider,
Hough, & Dunnette, 1996). Dalal and Hulin (2008) have called for a mul-
tivariate dynamic approach for criterion measurement. They suggest using
multivariate dynamic criteria in an attempt to answer the question, “moti-
vation for what?” This is particularly relevant to the questions addressed
in this study, as we are attempting to map changes in performance criteria
onto changes in the determinants of performance behaviors (e.g., Bashshur,
2006). Indeed, the primary expectations of this study were that different
facets of job performance would be found, and that these facets would dis-
play different patterns of change over time, because their relationships with
the underlying regulatory and identity mechanisms differ from one another.
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Multilevel models were used to investigate the prediction of dynamic per-
formance. These models allow the prediction of initial performance and
changes in performance over time. Again, as suggested by Murphy (1989), it
is expected that cognitive ability will predict initial performance best, with
declining validity. Hypotheses tested using multilevel modeling are framed
in terms of both “fixed effects”, or the average effect across participants, and
“random effects”, or individual variability about these means.
It is expected that personality traits, in particular conscientiousness, will
predict more weakly to begin with, but will actually increase in predictive
validity.
H1 : Evidence will be found for four dimensions of performance, consist-
ing of academic performance, physical performance (those aspects of police
work related to movement and dexterity), operations performance (unique
aspects of police work, such as patrol operations and vehicle stops), and con-
textual performance (particularly dependability and maintaing good human
relations).
H2 : The pattern of change will be unique to each facet of job perfor-
mance. Specifically, the intercept and slope of time will differ for each facet.
The implications of this hypothesis is that the fixed effects should differ
between performance facets. Since the study takes place in a training con-
text, it is expected that all program-relevant aspects of performance should
show positive growth trajectories. It is expected that academic performance,
which is little different from a school setting should show the smallest slope
and that operational performance, which is essentially unique to police set-
tings, should show the steepest slope. Physical performance is likely to fall
between these extremes. Contextual performance is unlikely to show any
particular fixed effect.
Individuals differ in various personal characteristics starting a training
program. Therefore, there should be individual differences in performance
trajectories (e.g., Day & Sin, 2009), particularly intercepts. Further, it is
likely that individuals do not develop at the same pace, due in part to dif-
ferences in those individual characteristics, which would result in differences
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in slopes between individuals.
H3 : Individuals will display unique performance trajectories.
Hypothesis 3 would be supported by significant random effects on the
performance facets’ intercepts and slopes (i.e., significant inter-individual
variance in growth curve intercepts and slopes).
Based on the theorizing above derived from Motivated Action Theory
(DeShon & Gillespie, 2005) and adult development (Baltes, 1997; Day et
al., 2009), these individual trajectories should be driven by individual differ-
ences in the development of the employee’s identity and self-regulatory skills.
H4 : The relationship between performance and self-regulatory mecha-
nisms and identity mechanisms will be unique for each performance facet.
Specifically, the performance facets will have different regression coefficients
for each within-person (time-varying) regulatory covariate (Goal Orientation
and Self-Efficacy) and for each within-person (time-varying) identity covari-
ate (Social Potency and Stress Reactance).
Multivariate validation research suggests that individual difference pre-
dictors may differentially predict different performance facets (e.g., Murphy
& Shiarella, 1997). For instance, conscientiousness is a better predictor of
contextual performance than it is of task performance (Borman &Motowidlo,
1993). Additionally, prior evidence on dynamic criteria suggests that person-
ality should better predict performance slopes than cognitive ability (Zyphur
et al, 2007).
H5 : A model with unique regression coefficients from each performance
facet on individual difference predictors will outperform a model where those
regression coefficients are constrained to equality.
H6a: Personality predictors and cognitive ability will both predict inter-
cepts for the individual growth curves.
H6b: Personality predictors will demonstrate stronger relationships with
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performance slopes on time than will cognitive ability.
2.9.4 Ancillary predictions
Hypotheses 4 and 5 are fairly general. They do not constitute strong tests
of the underlying model put forth in this paper. Adding slight refinements,
however, allow stronger tests. The causal model to be tested indicates that
those identity elements relevant to the work role should change in response to
the role demands. Therefore, those traits most strongly related with the re-
cruits’ identities as police officers should be positively associated with change
in performance, while those that have little to do with their identities should
not. We suggest that changes in Social Potency should be positively related,
and Stress Reactance negatively related to changes in job performance facets.
We suggest this because a police training program is essentially an effort to
increase recruits’ capabilities in handling and commanding complex, diffi-
cult, and intense social situations. We also believe that changes in Affective
Identity motives should positively relate to changes in performance facets
because, as recruits develop a clearer and stronger identity as a police offi-
cer, these motives should matter more (Lodi-Smith & Roberts, 2007). This
argument rests on the corresponsive principle, so those traits that lead indi-
viduals to become police officers should change more than unrelated traits
(Roberts & Caspi, 2003). We suggest that conscientiousness traits should
actually not be highly related to performance, as conscientiousness seems to
be less important for law enforcement than for many other jobs (Barrett,
Miguel, Hurd, Lueke, & Tan, 2003).
The current study aimed to address the questions raised above regarding
the conduct of validation studies in the face of performance criteria that are
multidimensional and dynamic. First, the validity of cognitive ability and
personality trait measures for predicting several performance outcomes over
time was assessed. The this is modeled as a process of individual develop-
ment, with change in personality and self-regulatory mechanisms influencing
changes in performance.
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Chapter 3
STUDY OVERVIEW
3.1 Sample
The current study uses a special sample: police recruits were measured on
the first day of their training academy. The police recruits were drawn from
many police departments in northern and central Illinois, excluding the city
of Chicago. Their performance was measured with a variety of objective mea-
sures, examination scores, instructor ratings, and self-evaluations throughout
the 12 week program. We do not have a strong theory for the development
of performance in this setting. Performance was naturally assessed during
the training program quarterly, broken up by 4 examinations. The self-
evaluations were taken at four times, every three weeks during the program.
These self-evaluations serve as the primary basis for examining developmen-
tal trends in several performance facets. It is expected that this the first day
of this training program represents as much of a true time zero as can be
found in a real work setting. Therefore, a sample like this will help to build
theory that may aid future researchers in determining the proper timing for
criterion measurements.
The context of this sample is important. The participants are mostly in
their late 20s. Many have already served in the military, or have worked
in some form of law enforcement setting in the past, such as dispatch or
corrections. Therefore, the participants have some previous work experience,
and some familiarity with the culture and demands of police work. It is
likely that the sample is not representative of the general population. They
are somewhat older than many individuals beginning their careers. They are
also likely more socially dominant, more impulsive, and less anxious than
typical.
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3.2 Procedure
The study was introduced to the trainees during the Sunday evening orien-
tation to the training program. On the first day of training, recruits who
elected to participate in the study were given the individual differences mea-
sures. Exams were given during weeks 3, 6, 10, and 12. Instructors pro-
vided ratings on several performance measures at the same time. Because
of this timing, followup surveys of personality traits, motivation, and self-
evaluations of performance were given quarterly (weeks 3, 6, 9, and 12).
3.3 Measures
Cognitive ability was assessed using the Wonderlic Personnel Test (Wonder-
lic, Inc, 1999). Only total scores were recorded, which makes a local estimate
of reliability impossible. The norm sample alpha for the Wonderlic is approx-
imately .88 (Wonderlic, Inc, 1999). Personality was assessed using the Big
Five Inventory (John & Srivastava, 1999) and the Social Potency and Stress
Reactance scales of the Iowa Personality Inventory (Donnellen, Conger, &
Burzette, 2005), which is a short form of the Multidimensional Personality
Questionnaire (Tellegen, 1982). Motivational variables measured were Work
Goal Orientation (Vandewalle, 1997), and Job-specific Self-efficacy (Jones,
1986). The alpha reliabilities for each measurement occasion for each of
these scales is provided below. Alphas for the Big Five Inventory on the first
day of training are reported in Table 5.2.
Reliability estimates for the Big Five Inventory were as follows. During
week 3, extraversion showed an alpha of .86, agreeableness (.80), conscien-
tiousness (.85), neuroticism (.81), and openness (.79). For week 6, extraver-
sion had an alpha of .85, agreeableness (.81), conscientiousness (.86), neu-
roticism (.84), and openness (.82). During week 9, extraversion had an alpha
of .86, agreeableness (.83), conscientiousness (.88), neuroticism (.86), and
openness (.84). For week 12, extraversion had an alpha of.86, agreeableness
(.84), conscientiousness (.89), neuroticism (.85), and openness (.84).
Reliability estimates for the Iowa Personality inventory were as follows.
At week 3, social potency had an alpha of .67, and stress reactance had an
alpha of .76. For week 6, social potency had an alpha of .61, and stress
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reactance had an alpha of .83. During week 9, social potency had an alpha
of .67, and stress reactance had an alpha of .67. During the final week, social
potency showed an alpha of .74, and stress reactance had an alpha of .78.
The reliability estimates for each of the motivation scales follow. At week
3, learning goal orientation had an alpha of .85, performance-prove (.76),
performance-avoid (.82), and self-efficacy (.74). For week 6, learning goal
orientation had an alpha of .88, performance-prove (.86), performance-avoid
go (.84), and self-efficacy (.76). For week 9, learning goal orientation had an
alpha of .88, performance-prove (.85), performance-avoid (.83), and alpha for
self-efficacy was .75. For the last measurement occasion, alpha for learning
goal orientation was .86, performance-prove was.89, performance-avoid go
was .82, and self-efficacy was .74.
A variety of training outcomes served as criteria. Scores for four writ-
ten examinations functioned learning criteria and the pass/fail rating on the
state proficiency exam served as a knowledge retention criterion. Self-ratings
of training engagement, punctuality, citizenship performance, maintenance of
personal discipline and performance in simulation exercises were collected ev-
ery three weeks during the twelve week training program. Instructor ratings
on these same scales were collected during the final week of training, with
ratings of performance in the simulation exercises and firearms and control
tactics collected contemporaneously with the self-reports. Hours absent and
awards received serve as distal criteria.
The design captured as between-person predictors standard selection mea-
sures (time-invariant covariates). Change on a variety of identity and self-
regulation mechanisms were taken via self-report every three weeks, and
served as within-person covariates (time-varying covariates). Time-varying
dependent measures were collected by self-report along with identity and self-
regulation measures. The four examinations occurred at about the same time
as these measurements, but should not be considered as occurring simulta-
neously with them. The same goes for instructor ratings of the performance
domains, which were collected after each exam.
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Chapter 4
ANALYTICAL STRATEGY
4.1 Static hypotheses
Hypotheses regarding the structure of performance were addressed using a
mix of confirmatory factor analysis and exploratory item clustering tech-
niques. The a priori expectation was that a four factor structure would be
found for performance in training, consisting of citizenship, academic, phys-
ical, and operational performance facets. Since previous research has found
general factors in performance (Hulin, 1982; Viswesvaran et al., 2005), this
four factor structure was compared to a model with only a general factor
and to a bifactor model, with both four primary factor and a general fac-
tor influences performance indicators. Additionally, the facet structure of
performance were examined using Revelle’s (1979) item cluster analysis.
4.2 Dynamic hypotheses
Dynamic hypotheses were tested using multilevel modeling approaches, par-
ticularly random coefficients modeling (e.g., Bliese & Ployhart, 2002), im-
plemented using SAS 9.1 PROC MIXED (e.g., Bryk & Raudenbush, 1992;
Singer, 1998). Similar to Deadrick et al.’s (1997) work, these analyses allow
modeling of both performance slopes and intercepts. The general form of the
models tested is presented below. Note that this is a three-level model, with
level one being the dependent variable, level 2 being within person (i.e., over
time), and level 3 being between persons. A SAS programming trick allows
estimation of levels 1 and 2 as a single level (Equation 4.4), but gives an
estimate of the covariance between the different dependent variables. This is
accomplished by stacking the dependent variables into one Y-term, and using
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a dummy variable to indicate which variable is in use (Hoffman & Rovine,
2007). For two dependent variables, the model appears as:
Level 1 : Ytid = B0i1(DV 1) +B1i2(DV 2) (4.1)
Level 2 : B0i1 = δ0i1 + δ1i1timeti1 + eti1 (4.2)
B1i2 = δ0i2 + δ1i2timeti2 + eti2
Level 3 : δ0i1 = γ001 + γ011X1 + U0i1 (4.3)
δ1i1 = γ101 + γ111X1 + U1i1
δ0i2 = γ002 + γ012X1 + U0i2
δ1i2 = γ102 + γ112X1 + U1i2
where the data are structured such that the T measurements for I partic-
ipants on D outcomes are stacked on top of each other: participant is the
slowest running index, with outcome being the next slowest, and measure-
ment occasion being the fastest running index (i.e., for participant 1, we have
T measurements on DV1, then T measurements on DV2). Therefore, the set
of outcome measures are held in a TID × 1 vector: Ytid indicates the tth
measurement for participant i on performance facet d.
The DV variables are dummy codes that indicate which performance di-
mension is currently being modeled. Timeti is a linear index of time and
serves as the basis vector for a linear growth trend. Terms for Time2ti or
higher-order effects can be added to test for curvature in the growth patterns.
The δ0id and δ1id terms represent the intercept and slopes for the performance
growth model. The Xn terms are time-invariant covariates representing a
participant’s standing on some individual difference measure, such as the
Wonderlic Personnel Test or conscientiousness. The etid and the U terms are
errors at the within- and between-persons levels, respectively (e.g., Hofmann,
Jacobs, & Baratta, 1993). The U terms allow for individual variability in the
level-2 δ parameters (i.e., the variance of these terms are the random effects).
Additionally, time-varying covariates can be modeled by adding addi-
tional δ terms to equation 4.2. This allows tests for hypotheses regarding
how standing on a particular regulatory or identity variable, such as Self-
efficacy or Stress Reactance, at a given measurement occasion may influence
concurrent performance across the performance facets.
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It is possible to rewrite Equations 4.1 and 4.2 as one level, collapsing levels
1 and 2 into a single level; the level 2 regression equation in the parentheses
is estimated for each DV, allowing covariances between DVs to be estimated
by using their dummy codes, i.e., the DV dummy “wakes up” the regression
for a specific dependent variable, d:
Ytid = DV 1(δ0i1 + δ1i1timeti + eti1) (4.4)
+DV 2(δ0i2 + δ1i2timeti + eti2)
This model allows for inference tests regarding the competing models by
way of likelihood ratios. For instance, to determine whether there are unique
developmental trends in the facets of performance, we may freely estimate
δ1id for each DV or constrain them to be equal. For four performance facets,
this likelihood ratio is distributed as a χ2 with df = 3. We can constrain
the coefficients for time or time-varying covariates to be equal across DVs by
altering Equation 4.4 as:
Ytid =
D∑
d=1
DVd(δ0id + etid) + δ1itimeti (4.5)
such that δ1i is “awake” for all DVs, which forces δ1i to be estimated identically
across all DVs. The same method applies to any additional coefficients for
time-varying covariates.
Compare with the univariate individual growth curve model:
Level 1 : Yij = B0 +B1timeij + rij (4.6)
Level 2 : B0 = γ00 + γ01X1 + γ02X2 + . . . + γ0nXn + U0 (4.7)
B1 = γ10 + γ11X1 + γ12X2 + . . .+ γ1nXn + U1
where Yij is a given performance component for an individual at time j, and
the timeij term again representing the linear trend of the growth model, and
the Xn terms are between-persons predictors of the slopes and intercepts
of the individual growth curves, for example, cognitive ability or conscien-
tiousness, and rij and the Uj terms are residuals at the within- and between-
persons levels, respectively (Hofmann, Jacobs, & Baratta, 1993). This model
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must be estimated separately for each dependent variable. This univariate
treatment does not model the covariance between different performance out-
comes. Additionally, this approach does not allow a direct statistical test
regarding differences in growth parameters (i.e., H2) or external relationships
for the different performance facets (i.e., H4 and H5), but does allow for tests
regarding individual differences in performance trajectories (i.e., H3).
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Chapter 5
RESULTS
5.1 Descriptive Statistics
Tables 5.1 and 5.2 present descriptive statistics for the within- and between-
person variables, respectively. The sample consisted of 178 police recruits.
The mean age of sample respondents was 26.7 (sd = 5.5), and predominantly
male (91%) and white (88%). Another 5% and 6% reported their race as
Black and Latino, respectively. Twenty-eight percent of the sample had pre-
vious military experience, most having served as enlisted personnel (90%).
Twenty-seven percent of the sample reported some prior law enforcement
experience. Fifty-four percent of the sample reported having a bachelor’s
degree, with 18% and 22% reporting having earned an associate’s degree or
“some college”, respectively.
The performance criteria reported here are Verbal performance (academic
performance and report-writing), Physical performance (control tactics and
firearms proficiency) and Operations performance (performance in integrated
training scenarios, i.e., domestic violence call, night building search, and vehi-
cle stops), contextual performance consisting of dependability, maintenance
of discipline and personal appearance, engagement in training, and teamwork
and assisting other recruits, examination scores, and instructor ratings of per-
formance on academics, firearms, control tactics and reports (see Section 5.2
for more details on these facets).
Table 5.2 presents the means, standard deviations and intercorrelations
for the between person predictors. Observed alpha values are reported in
parentheses on the diagonal. Tables 5.3 and 5.4 present the correlations for
the level-2 predictors and the performance measures for each time point.
There is no manual for the Big Five Inventory, but large-sample statistics
for ages 21-60 are available in Srivastava, John, Gosling, and Potter (2003).
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Table 5.1: Descriptive Statistics for level 1 variables for Weeks 3, 6, 9 and
12.
Week 3 Week 6 Week 9 Week 12
Variable Mean Std Mean Std Mean Std Mean Std
Extraversion 3.76 0.62 3.73 0.63 3.73 0.64 3.80 0.62
Neuroticism 1.90 0.55 1.88 0.56 1.82 0.57 1.84 0.58
Conscientiousness 4.33 0.49 4.36 0.49 4.37 0.50 4.38 0.51
Agreeableness 4.12 0.51 4.12 0.53 4.13 0.53 4.18 0.52
Openness 3.51 0.56 3.51 0.59 3.55 0.61 3.54 0.60
Social Potency 3.84 0.57 3.78 0.58 3.85 0.57 3.85 0.60
Stress Reactance 1.99 0.67 1.90 0.70 1.88 0.67 1.86 0.67
Self-efficacy 3.32 0.51 3.33 0.48 3.44 0.51 3.46 0.51
Learning GO 4.10 0.55 4.11 0.59 4.14 0.59 4.26 0.52
Prove GO 3.21 0.80 3.14 0.92 2.97 0.96 3.01 0.99
Avoid GO 2.10 0.72 1.95 0.74 1.89 0.75 1.88 0.69
Verbal Perf 3.86 0.64 3.98 0.60 4.07 0.64 4.09 0.64
Physical Perf 3.77 0.69 3.97 0.60 4.08 0.58 4.17 0.57
Ops Perf 3.52 0.85 3.75 0.61 4.02 0.57 4.15 0.54
Contextual Perf 4.59 0.38 4.60 0.40 4.61 0.42 4.59 0.34
Exams 90.27 4.96 91.69 3.89 93.23 3.97 88.39 4.15
Instructor Ratings 8.01 0.49 8.02 0.54 8.01 0.54 8.12 0.64
Table 5.2: Descriptive Statistics for between person variables.
Variable Mean Std Dev Wonderlic Extrav. Neurot. Consc. Agree Open
Wonderlic 23.99 5.11 (.88)
Extraversion 3.76 0.62 -.07 (.81)
Neuroticism 1.93 0.57 -.04 -.26 (.71)
Conscientiousness 4.39 0.43 -.07 .18 -.55 (.71)
Agreeableness 4.19 0.47 -.19 .31 -.45 .49 (.79)
Openness 3.58 .55 .02 .26 -.18 .18 .26 (.76)
Scale scores from the Srivasatava et al. study for age 27 are: Extraversion
(3.28), Neuroticism (3.26), Conscientiousness (3.60), Agreeableness (3.68),
and Openness (3.95). The police recruits are slightly higher on Extraversion
than is typical for respondents their age, and somewhat lower on Openness.
They also report being somewhat more Agreeable, but considerably more
Conscientious and less Neurotic.
The findings for Extraversion and Neuroticism are consistent with the
expectation that more dominant, less anxious individuals would select to
become police officers, though it was also expected that these individuals
would be somewhat more impulsive, which is inconsistent with being more
conscientious than others of their age. It is possible that the more sensation-
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seeking aspect of impulsiveness captured by the above job analysis quotation
regarding carrying guns and driving fast may be reflected in the approach-
oriented trait of extraversion, while more rule- and norm-consciousness likely
present in police officers is being captured by conscientiousness.
Table 5.3: Correlations for major level-2 predictors for weeks 3 and 6
Time Variable Ability Extrav. Neurot. Consci. Agree. Open. Verbal Physical Ops Contextual Exams
0 Ability
0 Extrav. -0.04
0 Neurot. -0.02 -0.25
0 Consci. -0.06 0.2 -0.59
0 Agree. -0.2 0.32 -0.49 0.52
0 Open. 0.07 0.27 -0.21 0.22 0.23
0 Verbal 0.07 0.18 -0.15 0.12 0.08 0.22
0 Physical -0.08 0.24 -0.01 0.06 -0.01 0.21 0.39
0 Ops -0.06 0.14 -0.09 0.03 0.06 0.19 0.6 0.48
0 Contextual -0.2 0.29 -0.22 0.28 0.32 0.31 0.31 0.32 0.34
0 Exams 0.36 -0.09 0.05 0.08 -0.09 0.15 0.14 0.07 0.07 -0.08
0 Ratings 0.12 -0.01 0.03 0.03 -0.14 0 0.05 0.11 0.07 -0.14 0.48
1 Ability
1 Extrav. -0.07
1 Neurot. -0.02 -0.26
1 Consci. -0.04 0.16 -0.55
1 Agree. -0.21 0.33 -0.48 0.49
1 Open. 0.02 0.29 -0.2 0.17 0.25
1 Verbal 0.18 0.11 -0.16 0.24 0.07 0.12
1 Physical -0.02 0.22 -0.06 0.06 0.07 0.12 0.31
1 Ops -0.13 0.27 -0.17 0.13 0.11 0.22 0.46 0.57
1 Contextual -0.17 0.24 -0.24 0.37 0.27 0.23 0.37 0.23 0.36
1 Exams 0.31 -0.17 -0.01 0.04 -0.19 -0.02 0.24 -0.09 -0.15 -0.02
1 Ratings 0.23 -0.12 0.02 0.02 -0.24 -0.03 0.13 0.08 -0.07 -0.02 0.43
Correlations between cognitive ability and Big Five traits with perfor-
mance measures over time are presented in Tables 5.3 and 5.4. The zero-
order correlations showed that cognitive ability began as a poor predictor
of all self-rated performance facets, but improved over time for verbal per-
formance. Cognitive ability predicted exam performance at all times, and
appeared to increase somewhat as the training program progresses. Cogni-
tive ability also predicted instructor ratings of performance initially, and this
prediction appeared to improve over time. Extraversion showed a modest
correlation with the initial self-evaluation of verbal performance, which ap-
peared to increase then decrease, but predicted other self-evaluated facets
throughout the program; however, Extraversion showed a moderate nega-
tive correlation with exam and instructor-rated performance throughout the
training. Neuroticism was negatively related to all performance facets at all
times, and seemed to be most strongly negatively related to self-evaluations
of operations and contextual performance.
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Conversely, Conscientiousness displayed positive relationships with all
facets, particularly self-evaluations of verbal and contextual performance.
Interestingly, Agreeableness seemed to differentiate sources well, positively
predicting self-ratings of contextual and operational performance, but show-
ing negative relationships with exam and instructor ratings of performance.
Similarly, Openness to Experience predicted self-evaluations of all perfor-
mance facets, and the Time 0 exam scores, but became slightly negatively
related to exam performance over time.
Table 5.4: Correlations with performance for major level-2 predictors for
weeks 9 and 12
Time Variable Ability Extrav. Neurot. Consci. Agree. Open. Verbal Physical Ops Contextual Exams
2 Ability
2 Extrav. -0.09
2 Nuerot. -0.03 -0.26
2 Consci. -0.04 0.16 -0.55
2 Agree. -0.22 0.33 -0.48 0.49
2 Open. 0 0.28 -0.2 0.18 0.24
2 Verbal 0.22 0.08 -0.16 0.26 0.01 0.1
2 Physical 0.03 0.18 -0.06 0.11 0.03 0.14 0.35
2 Ops -0.01 0.18 -0.15 0.14 0.11 0.18 0.5 0.54
2 Contextual -0.12 0.23 -0.28 0.4 0.28 0.17 0.35 0.29 0.34
2 Exams 0.39 -0.11 -0.09 0.1 -0.11 -0.01 0.42 0.06 0.08 0.07
2 Ratings 0.24 -0.06 0.02 0.01 -0.11 0.01 0.23 0.14 -0.03 0.02 0.44
3 Ability
3 Extrav. -0.08
3 Neurot. 0.02 -0.18
3 Consci. -0.05 0.14 -0.56
3 Agree. -0.32 0.31 -0.41 0.46
3 Open. 0 0.27 -0.17 0.21 0.27
3 Verbal 0.18 0.08 -0.2 0.32 0.11 0.1
3 Physical -0.02 0.36 -0.15 0.19 0.1 0.19 0.36
3 Ops -0.12 0.29 -0.22 0.23 0.25 0.11 0.48 0.69
3 Contextual -0.17 0.16 -0.25 0.41 0.26 0.04 0.28 0.22 0.25
3 Exams 0.47 -0.11 -0.08 0.17 -0.2 -0.02 0.41 -0.03 -0.03 0.01
3 Ratings 0.23 0 -0.02 0.21 -0.2 -0.1 0.16 0.07 -0.03 0.09 0.48
5.2 Hypothesis testing
Peformance structure
Confirmatory analyses
Hypothesis 1 indicated that the performance indicators would be structured
around multiple performance facets. This hypothesis was addressed in sev-
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eral ways. First, confirmatory factor analyses were performed on performance
data from the first measurement occasion, consisting of 4 self-ratings of con-
textual performance, self-ratings of academic, firearms, control tactics, and
report-writing performance, examination scores, and instructor ratings of
academic and firearms performance. CFAs were conducted using the “sem”
package (Fox, 2006) in R (R Development Core Team, 2008). A hypothe-
sized three independent factors model was compared to a model with only a
general factor and to a bifactor model, with a general factor that was inde-
pendent of three primary factors, consisting of contextual, verbal (academic
performance, exams, and report-writing) performance, and physical perfor-
mance (firearms and control tactics). Results are presented in Table 5.5.
The bifactor model provided better fit to the data than did the general or
independent factors model, though the fit statistics were still marginal. This
bifactor model was then fit to data from each of the subsequent measurement
occasions, providing good fit in Weeks 6 and 9, but marginal fit again in week
12. Additionally, there were significant negative variances estimated for week
12, indicating that the model is probably misspecified.
Table 5.5: Confirmatory factor analyses
Model χ2 df CFI NNFI RMSEA SRMR
General Factor 348.97 44 .40 .25 .20 .13
Three Factor 250.69 44 .59 .49 .16 .16
Bifactor (Week 3) 85.74 33 .90 .83 .10 .07
Bifactor (Week 6) 71.33 33 .92 .86 .08 .07
Bifactor (Week 9) 61.68 33 .96 .93 .07 .07
Bifactor (Week 12) 79.31 33 .91 .86 .09 .07
Item cluster analyses
Since the multivariate multilevel model uses observed variables, Revelle’s
(1979) item clustering approach was applied within each measurement occa-
sion separately and to all occasions simultaneously. The intent behind this
procedure was to construct scales in a way that was consistent with items’
observed variability, as opposed to the latent structure approach used in the
confirmatory factor models. Fiqure 5.1 through 5.3 present the dendrograms
for the item cluster analyses. Each cluster ellipse in these figures presents
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the cluster’s estimated Cronbach’s (1951) alpha and Revelle’s (1979) beta,
an estimate of general factor saturation for the cluster. In all cluster analysis
results that follow, if an item’s name is followed by a minus sign, that item
displays a negative loading on the general factor.
There are two points to note about the item cluster analyses. The first
is that the clustering over all measurements occasions produces three ma-
jor clusters: self-rated task performance, self-rated contextual performance,
and instructor- rated task performance with examination scores. Note also
that instructors did not rate contextual performance variables. The other
feature to notice is that performance seems more undifferentiated at week 3
(Time 0) than at other measurement occasions, specifically, there is a sin-
gle cluster at the root of the dendrogram for week 3, but later times are
unrooted. Looking at which items cluster together, it appears that the two
major clusters at later measurement occasions represent task performance
(e.g., exams, academics, firearms) and contextual performance (e.g., citizen-
ship and maintaining proper appearance). The cluster pattern for week 12 is
very similar to that for the clustering over all measurement occasions, which
appears to differentiate task from contextual performance, but also self- from
instructor-rated task performance. Examining Figure 5.2, the task perfor-
mance cluster has two main sub-clusters, self-ratings, and instructor-ratings
combined with examination scores. The self-ratings themselves show three
main sub-clusters, with academic performance and report writing grouping
together, firearms and control tactics grouping together, and patrol opera-
tions and vehicle stops linking quickly then joined by integrated scenarios.
Additionally, the “other”-source sub-cluster shows similar patterning, in that
exams and instructor-rated academic performance link first, and then link
with instructor-rated firearms performance.
Time trends
Exploring the time trends of performance indicators
The temporal patterning of these performance indicators was addressed using
univariate multilevel modeling (Bliese & Ployhart, 2002). This approach
models the effect of time by regressing the dependent variable onto the linear
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Figure 5.1: Item cluster analysis for Week 3
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-Exams
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Firearms
C1
  alpha= 0.75
 beta=  0.75
N= 2
0.78
0.78
C2
  alpha= 0.88
 beta=  0.88
N= 2
0.89
0.89
C3
  alpha= 0.7
 beta=  0.7
N= 2
0.73
0.73
C4
  alpha= 0.87
 beta=  0.87
N= 2
0.87
0.87
C5
  alpha= 0.75
 beta=  0.75
N= 2
0.77
0.77
C6
  alpha= 0.71
 beta=  0.71
N= 2
0.74
0.74
C7
  alpha= 0.78
 beta=  0.78
N= 2
0.8
0.8
C8
  alpha= 0.8
 beta=  0.8
N= 2
0.82
0.82
C9
  alpha= 0.7
 beta=  0.7
N= 2
0.77
0.77
C10
  alpha= 0.64
 beta=  0.64
N= 2
0.73
0.73
C11
  alpha= 0.76
 beta=  0.75
N= 3
0.81
0.97
C12
  alpha= 0.72
 beta=  0.71
N= 3
0.78
0.98
C13
  alpha= 0.86
 beta=  0.83
N= 5
0.82
0.99
C14
  alpha= 0.81
 beta=  0.76
N= 5
0.82
0.84
C15
  alpha= 0.77
 beta=  0.68
N= 3
0.78
0.7
C16
  alpha= 0.85
 beta=  0.8
N= 7
0.81
0.86
C17
  alpha= 0.78
 beta=  0.64
N= 5
0.71
0.64
C18
  alpha= 0.84
 beta=  0.79
N= 7
0.7
0.88
C19
  alpha= 0.84
 beta=  0.55
N= 7
0.53
0.58
C20
  alpha= 0.89
 beta=  0.74
N= 14
0.76
0.77
C21
  alpha= 0.8
 beta=  0.14
N= 8
0.32
0.14
C22
  alpha= 0.87
 beta=  0.23
N= 16
0.15
-0.24
C23
  alpha= 0.88
 beta=  0.53
N= 24
0.17
-0.52
index of time (coded as 0, 1, 2, 3):
Level 1 : Yij = B0 +B1timeij + rij (5.1)
Level 2 : B0 = γ00 + U0 (5.2)
B1 = γ10 + U1
Random effects are modeled as variance in the U terms in Equation 5.2.
U0 allows for individual differences in intercepts, and U1 allows for individual
differences in the slope on time.
The results are presented in Table 5.6. This table presents unstandardized
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Figure 5.2: Item cluster analysis for Week 9
ICLUST
selfdepend1
selfdepend2
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0.8
0.8
C3
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 beta=  0.83
N= 2
0.84
0.84
C4
  alpha= 0.65
 beta=  0.65
N= 2
0.69
0.69
C5
  alpha= 0.89
 beta=  0.89
N= 2
0.89
0.89
C6
  alpha= 0.86
 beta=  0.86
N= 2
0.87
0.87
C7
  alpha= 0.88
 beta=  0.88
N= 2
0.89
0.89
C8
  alpha= 0.66
 beta=  0.66
N= 2
0.7
0.7
C9
  alpha= 0.72
 beta=  0.72
N= 2
0.78
0.78
C10
  alpha= 0.87
 beta=  0.86
N= 3
0.89
0.98
C11
  alpha= 0.88
 beta=  0.84
N= 3
0.89
0.9
C12
  alpha= 0.89
 beta=  0.84
N= 4
0.87
0.88
C13
  alpha= 0.89
 beta=  0.83
N= 5
0.85
0.85
C14
  alpha= 0.91
 beta=  0.83
N= 7
0.87
0.88
C15
  alpha= 0.87
 beta=  0.79
N= 4
0.88
0.81
C16
  alpha= 0.92
 beta=  0.84
N= 9
0.78
0.85
C17
  alpha= 0.93
 beta=  0.79
N= 13
0.76
0.77
C18
  alpha= 0.85
 beta=  0.71
N= 5
0.81
0.66
C19
  alpha= 0.93
 beta=  0.63
N= 14
0.68
0.63
C20
  alpha= 0.85
 beta=  0.65
N= 7
0.73
0.7
C21
  alpha= 0.52
 beta=  0.3
N= 3
0.51
0.44
C22
  alpha= 0.79
 beta=  0.27
N= 10
0.27
0.35
coefficients. “Trend” refers to the fixed effect for a linear time trend (i.e., γ10),
coded as 0, 1, 2, 3, and “Random” refers to the random effect around the
trend. The fixed effect is essentially the mean trend over time, and the
random effect reflects individual variability about the trend.
The likelihood ratio test for the trend compares a model with a fixed
effect for time to a model with only a random intercept, such that:
Level1 : Yij = B0 +B1timeij + rij
Level2 : B0 = γ00 + U0 (5.3)
B1 = γ10
for the full model is compared to:
48
Figure 5.3: Item cluster analysis for all times
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N= 7
0.73
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C20
  alpha= 0.08
 beta=  0.08
N= 2
0.2
0.2
C21
  alpha= 0.91
 beta=  0.69
N= 14
0.59
0.7
C22
  alpha= 0.1
 beta=  0.09
N= 3
0.15
0.84
C23
  alpha= 0.37
 beta=  0.25
N= 5
0.31
0.72
Level1 : Yij = B0 + rij (5.4)
Level2 : B0 = γ00 + U0
for the reduced model.
The likelihood ratio test for the random effect compares a model with a
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random effect for time to one with only a fixed effect for time, such that:
Level1 : Yij = B0 +B1timeij + rij
Level2 : B0 = γ00 + U0 (5.5)
B1 = γ10
is compared to a model with B1 = γ10 + U1 (i.e., the model presented in
Equations 5.1 and 5.2).
All of the fixed effects for linear time trends were significant (i.e., sig-
nificant parameter estimate for γ10), except for instructor ratings of report
writing. All of the random effects (i.e., variance of U1) were significant except
for exam scores and instructor-rated academic performance. Self-ratings of
academic performance and report-writing showed very small positive trends,
and self-rated firearms and control tactics performance showed slightly larger
trends. Exams showed a small negative trend for time. All of the time trends
and random effects for instructor ratings were very small in magnitude, re-
flecting the limited variance in these indicators (see Table 5.1).
Time trends of cluster-analytic scales
Finally, the slopes for the performance facets based on the cluster analysis
results were explored, in the same manner described in the previous section.
Tables 5.7 and 5.8 present the results of these basic multilevel models.
These are examined at the sub-cluster level, using self-evaluations of ver-
bal, physical, operational, and contextual performance, as described above,
instructor-ratings, and examination scores.
The intraclass correlation (ICC) for the null model estimates the amount
of total variance in responses attributable to differences between individuals,
with 1 - ICC indicating the percentage of variance within-person. Hence, a
low ICC indicates that most of the variability is within-person, whereas a
high ICC indicates that most of the variability is between individuals. The
“null model” is one with only a random intercept for individuals, such that:
50
Table 5.6: Univariate change over time in performance indicators
Dependent Variable Model Likelihood Ratio p coefficient p
Exams Trend 11.63 .001 -.410a .001
Random < .0001 1.000
Self-rated Academics Trend 15.39 .000 .070a .001
Random 15.14 .001 .149b .001
Self-rated Firearms Trend 38.72 .000 .115a .000
Random 14.28 .001 .169b .001
Self-rated Control Tactics Trend 73.44 .000 .144a .000
Random 9.50 .009 .136b .009
Self-rated Reports Trend 17.38 .000 .080a .000
Random 10.49 .005 .147b .005
Instr-rated Academics Trend 7.40 .065 .027a .007
Random 0.03 .980
Instructor-rated Firearms Trend 21.37 .000 -.029a .000
Random 67.48 .000 .072b .000
Instr-rated Control Tactics Trend 11.91 .001 .016a .000
Random 246.42 .000 .065b .000
Instr-rated Reports Trend 0.30 .586 -.003a .705
Random 188.66 .000 .067b .000
a This is the estimate of γ10.
b This is the estimate of the variance of U1.
51
Level1 : Yij = B0 + rij (5.6)
Level2 : B0 = γ00 + U0
so that the estimate of the variance in rij represents the within-person vari-
ance and the variance of U0 represents the between-person variance, allowing
for calculation of the ICC.
The likelihood ratio tests presented in these tables compare a model with
a random intercept and random slope for time to a model with a random
intercept, but only a fixed effect for time, so that that model comparison is
the same as that outlined for Equation 5.5 above. The fixed effect estimate
for the coefficient of time (γ*time; i.e., the linear growth parameter) is also
presented.
Table 5.7: ICCs, Likelihood Ratio tests, and fixed effect estimates of perfor-
mance measures
Dependent Variable ICC Model LogLike LR p γ*Time
Verbal Perf .55 Rand Int -504.87
Rand Int,Slp -493.92 21.90 .00 0.08
Physical Perf .50 Rand Int -492.96
Rand Int,Slp -485.14 15.65 .00 0.13
Ops Perf .32 Rand Int -585.31
Rand Int,Slp -565.21 40.20 .00 0.22
Contextual Perf .61 Rand Int -163.61
Rand Int,Slp -155.46 16.30 .00 0.00
Exams .39 Rand Int -2030.25
Rand Int,Slp -2030.25 0.00 1.00 -0.41
Instructor Ratings .59 Rand Int -448.33
Rand Int,Slp -433.18 30.30 .00 0.085
All of the performance domains show substantial within-person variabil-
ity (at least 39% of the variability is within-person). As can be seen in the
column γ*Time in Table 5.7, there are small positive slopes for verbal and
physical performance, and a fairly substantial positive slope for operational
performance, but no average change for contextual performance. These ef-
fects will be explored more fully in the multivariate tests section below. There
is also substantial negative change in exam scores and no evidence for indi-
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vidual variability about the fixed effect.
The instructor ratings are more problematic. First, there is little variance
in instructor ratings, period (Table 5.1). Instructors rated recruits qualita-
tively, from “remedial” performance in a domain, such as firearms or control
tactics, to “excelling”, with most recruits typically receiving ratings of “mak-
ing adequate progress”. These ratings were scored with remedial equal to
1, making progress equal to 2, and excelling equal to 3. These ratings are
explained more in Section 5.2 below.
Time trends of predictors
Table 5.8 is set up identically to table 5.7. The ICCs indicate substantial
within-person variability for all of the within-person covariates, except the
Big-5 and Iowa personality scales, which show substantial coherence over
measurements. Small negative trends were identified for neuroticism, stress
reactance, performance-prove and avoidance goal orientations. Small posi-
tive trends were found for agreeableness, learning goal orientation, and self-
efficacy. Individual variability around these fixed growth parameters was
identified for all variables except stress reactance and learning goal orienta-
tion.
Note that the directions of observed changes were generally in accordance
with the ancillary predictions. Neuroticism and stress reactance showed de-
creases, while Social Potency showed an increase. Also, the slopes were larger
for narrower measures, such as Social Potency and Stress Reactance, than
for broader measures, such as Extraversion and Neuroticism. There was no
random effect on Stress Reactance. This suggested that changes in Stress
Reactance, while small, were essentially the same over recruits, which is con-
sistent with a socialization process as described in Section 2.8.1.
These tests suggested some small systematic change in personal charac-
teristics and performance during the training program. They also indicated
large within-person variability in self-perceptions and performance. Given
these justifications, the first set of tests examined the growth curves. Then
the unsystematic within-person variability was be modeled.
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Table 5.8: ICCs, Likelihood Ratio tests, and fixed effect estimates of time-
varying predictor change
Dependent Variable ICC Model LogLike LR p γ*Time p(γ)
Extraversion 0.86 Rand Int -260.08
Rand Int,Slp -251.19 17.80 .00 0.01 .15
Neuroticism 0.80 Rand Int -258.79
Rand Int,Slp -243.55 30.48 .00 -0.03 .01
Conscientiousness 0.76 Rand Int -220.06
Rand Int,Slp -193.06 53.99 .00 0.02 .15
Agreeableness 0.83 Rand Int -167.92
Rand Int,Slp -158.72 18.40 .00 0.02 .01
Openness 0.86 Rand Int -210.15
Rand Int,Slp -198.67 22.96 .00 0.01 .10
Social Potency 0.78 Rand Int -308.86
Rand Int,Slp -304.87 7.99 .02 0.07 .20
Stress Reactance 0.71 Rand Int -470.13
Rand Int,Slp -469.92 0.42 .81 -0.04 .00
Learning GO 0.60 Rand Int -411.97
Rand Int,Slp -411.98 0.03 .99 0.05 .00
Prove GO 0.64 Rand Int -720.63
Rand Int,Slp -713.23 14.81 .00 -0.08 .00
Avoid GO 0.53 Rand Int -621.40
Rand Int,Slp -618.27 6.26 .04 -0.08 .00
Self-efficacy 0.59 Rand Int -333.98
Rand Int,Slp -330.45 7.04 .03 0.05 .00
Multivariate multilevel modeling
The major hypotheses of the study were examined by fitting the multivari-
ate multilevel model as described in 4.1 and 4.2. The multivariate tests were
restricted to the self-reported performance facets. First, these displayed far
greater variability than the instructor ratings. Second, the recruits and in-
structors provided ratings on the same scales during the final week of training,
so the agreement between self and instructor could be estimated (see Table
5.16 below). Two items had to be dropped due to zero variance in the in-
structor ratings, but the average between-source correlation was .11 (median
.11, sd = .11), with a maximum correlation of .35 and a minimum of -.06.
Hypotheses 2 and 3 regarded differences in growth curves, specifically that
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the growth curves would differ over performance facets (H2) and that there
would be individual differences in the parameters of the growth curves. To
test this hypothesis, SAS PROC MIXED was used to obtain maximum like-
lihood estimates of the model displayed in Equations 4.1, 4.2, and 4.3. The
results were used to perform likelihood ratio tests for two nested models: (a)
a model with the one intercept and one slope for all performance facets (i.e.,
all performance facets show identical change patterns), and (b) a model with
a unique intercept for each facet, but with the slopes constrained to equal-
ity, as presented in Equation 4.5. Both are compared to the hypothesized
model, which allows unique fixed effects on time for each performance facet
(i.e., the regression coefficient for the linear time index is freely estimated for
each dependent variable; see Equation 4.2). The -2 × log-likelihood for the
hypothesized model was 2943.3, for model (a) it was 4181.5, and for model
(b) it was 3163.1.
The likelihood ratio comparing the hypothesized model to model (a) was
1238.2, which is distributed as a χ2 with 4 degrees of freedom (p < .001).
The likelihood ratio test comparing the hypothesized model to model (b)
was 219.8, which is distributed as a χ2 with 2 degrees of freedom (p < .001).
These tests indicate that removing both unique random intercepts and slopes
results in a significant reduction in explanation for outcomes. There is also
substantial reduction in explanation when the fixed effects of the growth
curves’ slopes are constrained to be equal. This indicates full support for
hypothesis 2. These results mean that there are different intercepts for self-
ratings of verbal, physical, operational, and contextual performance. The
differences in slopes indicate that these performance facets change at different
rates.
In order to more fully explore what these slopes mean, the hypothesized
model was refit using restricted maximum likelihood estimation (REML).
The fixed effects estimates are presented in Table 5.9. The slope for opera-
tional performance has the largest magnitude, followed by physical, followed
by verbal. Verbal is probably the most similar to performance in academic
settings, as it is focused on exams and written reports. Physical is more
focused on aspects of police work, such as control tactics, and operational
performance focuses on performance that is almost exclusively oriented to-
ward police work. This pattern of results is consistent with the context of
a police training program, such that the part of performance that is most
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unique to the context shows the most development.
The fixed effect for contextual performance is negligible, indicating no
systematic change for participants over the course of the study. This is to
be expected as the police training program is focused on learning various
police tasks, with relatively little emphasis on citizenship and contextual
performance behaviors. This leaves the recruits more or less to their own
devices regarding the development of contextual performance.
Table 5.9: REML estimates of fixed effects for unique effects of time
Fixed Effects
Effect Estimate Std Error DF t-value p
Verbal Intercept 3.89 0.032 2467 121.3 < .0001
Physical Intercept 3.81 0.044 2467 86.5 < .0001
Ops Intercept 3.54 0.048 2467 73.6 < .0001
Contextual Int 4.59 0.029 2467 159.86 < .0001
Verbal Slope 0.07 0.024 2467 3.15 .0016
Physical Slope 0.13 0.017 2467 7.47 < .0001
Ops Slope 0.21 0.022 2467 9.54 < .0001
Contextual Slp -0.0001 0.010 2467 -0.10 .9230
The question of individual differences in intraindividual change, such as
that posed by hypothesis 3 and the above speculations regarding contex-
tual performance, can be addressed by examining the random effects. For
instance, a significant variance estimate for the slope of contextual perfor-
mance on time supports the possibility that there are meaningful individual
differences in the pattern of change in contextual performance. Even small
effects may signify important differences in individual trajectories that may
be predicted using between-person predictors (e.g., cognitive ability or per-
sonality measures).
Table 5.10 presents the restricted maximum likelihood (REML) estimates
for the random effects for the multivariate growth model. The covariance
parameter estimates for all intercepts, slopes, and residuals were significant.
The covariance between random verbal intercepts and verbal slopes was not
significant, which suggests that where an individual starts on his or her verbal
performance did not restrict change.
The effects for contextual performance’s slope were all negligibly small.
The only large random effects appeared to occur for the intercepts of verbal,
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physical, and operations performance and their covariances. These covari-
ances were all positive. Recall that time is coded as 0, 1, 2, and 3, so the inter-
cepts reflect performance at the first measurement occasion, so these positive
covariances probably reflect greater influence of a general factor during the
first measurement occasion (Figure 5.1). Variability in slopes and intercepts
supported hypothesis 3, that there are individual differences in performance
trajectories.
There was little covariance among the residual terms. Covariance among
the residuals would suggest that the level for one performance facet is related
to the the level for another within person. These parameters answer questions
about how two variables move together for individuals, which addresses the
assumption of whether performance behaviors are exchangeable. The lack
of substantial covariance here suggested that performances in the different
domains were largely independent of one another, even when measured at the
same time. This is actually inconsistent with the argument above that per-
formance behaviors are non-fungible. We would expect negative covariances
between facets of performance if that were the case. For example, when an
individual was assisting a coworker, he or she could not also be doing his or
her own work; therefore a positive peak on contextual performance would
result in a negative peak for task performance. This does not appear to be
the case for these data. Note though, that these were self-evaluations of per-
formance, not actual performance. Further, these measurements were only
taken every three weeks, not as an “on-line” assessment, so such relationships
may be obscured.
Hypothesis 4 stated that the influence of regulatory and identity mech-
anisms would differ for the different performance facets. The models tested
here refit the growth models allowing the within-person covariates to explain
residual within-person variance, controlling for that trend. The full models
with these covariates for each facet were compared to nested models with
the slopes for the covariates restricted to equality for each facet (i.e., the
influence of the mechanism is the same for all four facets of performance).
The likelihood ratio tests for Work Goal Orientation, Self-efficacy, Social
Potency, and Stress Reactance, and the Big Five Personality Traits are re-
ported in Table 5.11. These time-varying covariates were tested using the
procedures outlined in Chapter 4. The models fitted were
57
Ytid =
D∑
d=1
DVd(δ0id + δ1idtimeti + δ2idXtid + etid) (5.7)
for the full model, which was compared to
Ytid =
D∑
d=1
DVd(δ0id + δ1idtimeti + etid) + δ2iXti (5.8)
for the reduced model, as in Equation 4.5.
The influence of the covariates were modeled as fixed effects. Additionally,
the full models for Learning Goal Orientation and Stress Reactance (noted
with asterisks in Table 5.11) did not produce positive definite covariance
matrices for the between-persons random effects. Therefore, the estimates
for the full model should not be interpreted. The regression coefficient on
learning goal orientation for the reduced model, one where the effect is uni-
form across performance facets, was 0.22, p < .0001. The coefficient for
stress reactance was -0.09, p = .01. Table 5.12 presents the restricted maxi-
mum likelihood estimates for the regression coefficients for the time-varying
covariates.
All of the tests presented in 5.11 were statistically significant. In all
cases, the reduced model increased the -2 × (log-likelihood), indicating infe-
rior fit to the full model. This suggested that the influences of the regulatory
and identity mechanisms tested differed over the performance facets, sup-
porting hypothesis 4. In addition, the pattern of results seemed consistent
with information from cross-sectional validation work. Negative character-
istics, such as Neuroticism and Avoidance goal orientation showed negative
associations with outcomes, particularly contextual performance. Further,
Neuroticism was negatively associated with verbal and operational perfor-
mance facets. Performance-prove goal orientation was positively associated
with operational performance only, whereas conscientiousness was positively
associated with verbal, physical, and contextual performance. As expected,
Social Potency was associated with all performance facets, as was its associ-
ated Big-5 domain, Extraversion2 and Self-efficacy. Agreeableness was only
associated with contextual performance, and Openness was associated with
all aspects of performance, likely due to the fact that this was a training
2The REML coefficients in Table 5.12 were not estimated simultaneously, so one should
not compare their magnitudes across rows.
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context.
Hypothesis 5 was tested in a very similar manner, with time-invariant
covariates predicting the intercepts and slopes of the individual performance
facets’ trajectories in the full models compared to two reduced models. “No
slopes” models constrained the growth parameters (B1s) to equality as above.
“No int or slope” models constrained both the intercepts and slopes (B0ids
and B1ids) to equality over dependent variables. Likelihood ratio tests were
conducted for cognitive ability and Big-5 personality traits. Results are pre-
sented in Table 5.13. The likelihood ratios are distributed as χ2 with 3
degrees of freedom for the “no slopes” tests, and 6 degrees of freedom for the
“no int or slp” tests. Table 5.14 presents the fixed effect estimates of the time
invariant covariates.
All of the likelihood ratio tests comparing the full models to the “no int
or slp” models were significant, indicating that removing both the differenti-
ated intercepts and slopes between performance facets significantly reduces
the explained variance. None of the likelihood ratio tests comparing the full
models to the “no slopes” models were significant. This indicated that the ef-
fect of these between-person predictors was uniform over performance facets’
slopes, but unique for their intercepts. The coefficients presented in Table
5.14 should be interpreted as regression coefficients explaining variability in
the random effects. The slope column should be interpreted in much the
same way a fixed effect is, as the average effect of the predictor for all per-
formance facets’ slopes (i.e., it is a fixed effect for level 2 in Equations 4.1
through 4.3).
Interestingly, cognitive ability was unrelated to most of the model pa-
rameters, emerging as only a significant, and negative, predictor of the con-
textual performance intercept (γ = −0.016, p = .002). Recall, however,
that the zero-order correlations for cognitive ability and the self-evaluations
of performance were negligible. Extraversion, on the other hand, signifi-
cantly predicted all facets’ intercepts but not the general slope. Similarly,
neuroticism did not predict the facets’ slope, but did negatively predict the
intercepts for verbal, operational, and contextual performance. Conscien-
tiousness predicted the intercept for verbal and contextual performance, and
neared conventional significance levels for predicting the general performance
slope. Agreeableness only predicted the intercept of contextual performance.
Openness emerged as a predictor of all facets’ intercepts, and as the only
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conventionally significant negative predictor of the general performance tra-
jectory.
Further univariate tests
The item cluster analyses suggested that instructor ratings should probably
not be treated as a multivariate criterion. A unit-weighted composite was
constructed. The univariate tests will treat the instructor ratings and exam
separately from the above. The exams are on a vastly different scale than all
rated measurements. Since the design allows treating time one as a relatively
pure intercept, coded 0, the judgment was made not to center the dependent
variables. Doing so would require interpreting all effects as deviations from
mean performance, which was deemed problematic for a true intercept model.
Univariate growth models were fit using the R “multilevel” (Bliese, 2002) and
“nlme” (Pinheiro & Bates, 2000) packages.
Sixty-two percent of the total variance in exam scores was within person
(null model ICC = .38). A growth model with a random intercept was fit
to the data (as presented in Equation 5.5 above), which produced a random
intercept estimate of 8.36 (p < .0001), and a regression coefficient for time
of -0.41 (p = .007). When a random slope model was tested, it produced a
random effect estimate equal to 0 for time, meaning that there was effectively
no variability in the level-2 residual term for time (U1 in Equation 4.7).
Between-person predictors were used in an attempt to explain exam score
intercept variability. For each of these the model with a random intercept
and a fixed slope on time but no covariate serves as the basis for comparison
(i.e., Equation 4.6, with the between person predictors entered only for B0
and no U1 term).
Predicting the intercept of exams with cognitive ability produced a Like-
lihood ratio of 49.015, with 2 degrees of freedom (p < .0001; γ = 0.35, p <
.0001). Extraversion produced a LR of 4.31, with 1 degree of freedom
(p = .04; γ = −0.90, p = .04). Neuroticism did not predict exam intercepts,
nor did conscientiousness or openness, but Agreeableness did (LR=5.14,
df=1, p = .02; γ = −1.25, p = .02). Most time-varying covariates did
not predict concurrent exam scores. Performance-prove goal orientation did
(LR=3.72,p = .05; γ = −0.47, p = .05).
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Next, instructor ratings of performance was examined. There was no
variance in ratings of performance in vehicle stops or patrol operations sim-
ulations, or scenario-based training, and limited variability in the remaining
ratings of academics, firearms, control tactics and reports. A sum composite
of these ratings was formed to preserve some variability. The null model
produced an ICC estimate of .59, suggesting substantial within-person vari-
ability. The likelihood ratio test for adding a linear time trend was non-
significant (see Table 5.7).
Within-person regulatory mechanisms were used in an attempt to explain
some of the within-person variability in instructor ratings (i.e., the level-1
model was Yij = B0+B1Xij+rij, whereXij is the ith participant’s standing on
the regulatory mechanism, X, at time j). Performance-prove goal orientation
predicted instructor ratings (LR=12.20, 1 df, p < .0001), and further tests
supported a random slope on this orientation (LR=306.96, 1 df,p < .001),
with the fixed effect = -.04 and a variance of .50. Self-efficacy was also
supported as a time-varying covariate (LR=5.44, 1 df, p = .02) with a random
slope on efficacy (LR=294.66, 1 df p < .0001), with the fixed effect = -.09
and variance of .64.
Cognitive ability emerged as a level-2 predictor of the intercept for in-
structor ratings, this means that it predicted initial instructor ratings on
the composite of academics, firearms, control tactics, and report-writing
(LR=9.27, 1 df, p = .002), though its coefficient was small (.02). Between-
persons Agreeableness again predicted instructor ratings’ intercepts (LR=7.39,
1 df, p = .007), γ = −0.21.
5.3 Slopes as predictors
As an initial investigation of whether an individual’s trajectory on knowl-
edge or skill matters for latter outcomes, the correlation of random intercepts
and slopes with several “level-2” (i.e., between-person) outcomes was exam-
ined. These results report the relationships between estimates of individual’s
unique slopes and intercepts with the outcomes. Intercepts and slopes for
exam scores, as an index of knowledge, and self- and instructor-rated perfor-
mance in simulation exercises, as an index of skill were used as predictors of
total hours absent during the training program, passing or failing the state
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certification exam for police officers, scores on the firearms written exam, the
score on the practical firearms exam, the training program firing range rating,
awards received, and final overall instructor ratings. Results are presented
in Table 5.15.
Examination of the table shows that the intercept for exams during the
training program predicted later examination scores and final instructor eval-
uations very well (.34, .36, and .49, respectively), but that the slopes on time
did not predict other outcomes well, except for final instructor ratings, which
it predicts negatively. This is likely a ceiling effect, i.e., people who start off
well have no place to go, whereas people who start off poorly have room to
improve.5 Self skill ratings have small associations with firing range scores
and final instructor ratings, and their slopes show very small negative associ-
ations with absentee hours. Instructor skill ratings and slopes show exactly
the same pattern of results, perhaps due to the low variance in instructor
ratings, and predict firearms exams, firing range scores, awards, and, un-
surprisingly, final instructor ratings well. Note that instructor ratings and
intercepts are essentially perfectly correlated, so knowledge of the slope pro-
vides no additional information regarding later outcomes. Therefore, the
slopes of these performance determinants seem to provide little information
regarding later outcomes.6
5.4 Self-Instructor Correlations.
The associations between self- and instructor-ratings during week 12 are pre-
sented (Table 5.16). Self ratings are listed vertically and instructor ratings
are listed horizontally in the following table.
5This is similar to the standard finding in growth curve analyses of, say, GPAs that
intercepts and slopes have negative correlations (e.g., Zyphur et al., 2008).
6Field training officer ratings of on-the-job performance are also being collected, but
these data will not be available for some time.
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Table 5.10: REML estimates of random effects for individual differences in
growth curves
Random Effects
Parameter Subject Variance Estimate Error of Estimate z-Value p
Verbal Intercept Between 0.21 0.03 6.05 <.0001
Cov(Phys Int,Verbal Int) Between 0.11 0.03 3.96 <.0001
Physical Intercept Between 0.26 0.04 6.48 <.0001
Cov(Ops Int,Verbal Int) Between 0.20 0.04 5.49 <.0001
Cov(Ops Int,Phys Int) Between 0.19 0.04 4.91 <.0001
Operations Intercept Between 0.37 0.06 6.59 <.0001
Cov(Ctxtl Int,Verbal Int) Between 0.05 0.02 3 0.0027
Cov(Ctxtl Int,Phys Int) Between 0.06 0.02 3.35 0.0008
Cov(Ctxtl Int,Ops Int) Between 0.09 0.02 3.86 0.0001
Contextual Intercept Between 0.12 0.02 7.01 <.0001
Cov(Verb Slp,Verbal Int) Between -0.01 0.01 -0.69 0.4909
Cov(Verb Slp,Phys Int) Between -0.03 0.01 -2.35 0.0186
Cov(Verb Slp,Ops Int) Between -0.04 0.01 -3.26 0.0011
Cov(Verb Slp,Ctxtl Int) Between -0.01 0.01 -0.76 0.4457
Verbal Slope Between 0.02 0.01 3.43 0.0003
Cov(Phys Slp,Verbal Int) Between -0.01 0.01 -1.22 0.2223
Cov(Phys Slp,Phys Int) Between -0.03 0.01 -2.65 0.008
Cov(Phys Slp,Ops Int) Between -0.02 0.01 -1.85 0.0641
Cov(Phys Slp,Ctxtl Int) Between 0.00 0.01 -0.29 0.7696
Cov(Phys Slp,Verb Slp) Between 0.01 0.00 3.08 0.0021
Physical Slope Between 0.02 0.01 3.41 0.0003
Cov(Ops Slp,Verbal Int) Between -0.03 0.01 -2.22 0.0261
Cov(Ops Slp,Phys Int) Between -0.03 0.01 -1.84 0.0658
Cov(Ops Slp,Ops Int) Between -0.09 0.02 -4.65 <.0001
Cov(Ops Slp,Ctxtl Int) Between -0.01 0.01 -1.13 0.2567
Cov(Ops Slp,Verb Slp) Between 0.02 0.01 3.23 0.0013
Cov(Ops Slp,Phys Slp) Between 0.02 0.01 2.88 0.004
Operations Slope Between 0.04 0.01 4.6 <.0001
Cov(Ctxtl Slp,Verbal Int) Between 0.00 0.01 0.25 0.802
Cov(Ctxtl Slp,Phys Int) Between -0.01 0.01 -0.94 0.3469
Cov(Ctxtl Slp,Ops Int) Between -0.02 0.01 -2.12 0.0344
Cov(Ctxtl Slp,Ctxtl Int) Between -0.01 0.00 -2.71 0.0067
Cov(Ctxtl Slp,Verb Slp) Between 0.00 0.00 1.26 0.2066
Cov(Ctxtl Slp,Phys Slp) Between 0.00 0.00 0.39 0.6961
Cov(Ctxtl Slp,Ops Slp) Between 0.00 0.00 1.43 0.1524
Contextual Slope Between 0.01 0.00 3.45 0.0003
Verbal Residual Within 0.14 0.01 12.79 <.0001
Cov(Phys Res,Verb Res) Within 0.03 0.01 4.05 <.0001
Physical Residual Within 0.14 0.01 12.75 <.0001
Cov(Ops Res,Verb Res) Within 0.06 0.01 5.94 <.0001
Cov(Ops Res,Phys Res) Within 0.05 0.01 5.13 <.0001
Operations Residual Within 0.18 0.01 12.75 <.0001
Cov(Ctxtl Res,Verb Res) Within 0.02 0.00 4.96 <.0001
Cov(Ctxtl Res,Phys Res) Within 0.01 0.00 2.02 0.0437
Cov(Ctxtl Res,Ops Res) Within 0.02 0.01 3.42 0.0006
Contextual Residual Within 0.05 0.00 12.93 <.0001
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Table 5.11: Likelihood ratio tests for unique effects of within-person covari-
ates.
Model -2 × Log-likelihood ∆χ2 p
Self-efficacy
full 2824.7
reduced 3055.1 230.4 .000
Learning GO*
full* 2903.3
reduced 3102.5 199.2 .000
Prove GO
full 2933.8
reduced 3181.6 247.8 .000
Avoid GO
full 2934
reduced 3169.6 235.6 .000
Social Potency
full 2918.1
reduced 3142.3 224.2 .000
Stress Reactance*
full 2934.6
reduced 3177.3 242.7 .000
Extraversion
full 2922.8
reduced 3148.2 225.4 .000
Neuroticism
full 2925.7
reduced 3158.6 232.9 .000
Conscientiousness
full 2906.2
reduced 3121.4 215.2 .000
Agreeableness
full 2923.5
reduced 3146.2 222.7 .000
Openness
full 2931.7
reduced 3157.6 225.9 .000
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Table 5.12: REML estimates of fixed effects for within-person covariates
Coefficients
Variable VERBAL PHYSICAL OPS CONTEXT
Self-efficacy Estimate 0.180 0.210 0.270 0.100
p 0.001 0.000 0.001 0.003
Prove GO Estimate 0.010 0.040 0.070 0.020
p 0.860 0.180 0.020 0.150
Avoid GO Estimate -0.027 -0.048 -0.045 -0.052
p 0.410 0.150 0.260 0.040
Social Potency Estimate 0.196 0.280 0.228 0.169
p 0.006 0.001 0.006 0.003
Extraversion Estimate 0.132 0.218 0.195 0.151
p 0.040 0.001 0.001 0.000
Neuroticism Estimate -0.177 -0.081 -0.166 -0.164
p 0.005 0.226 0.010 0.000
Conscientiousness Estimate 0.308 0.161 0.207 0.325
p 0.003 0.105 0.020 0.000
Agreeableness Estimate 0.100 0.057 0.128 0.222
p 0.219 0.518 0.071 0.000
Openness Estimate 0.167 0.162 0.175 0.127
p 0.012 0.012 0.005 0.001
Negative Affect Estimate -0.163 -0.113 -0.115 -0.080
p 0.009 0.070 0.111 0.050
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Table 5.13: Likelihood ratio tests for hypothesis between-person predictors
Model -2 × Log-likelihood ∆χ2 p
Wonderlic
full 3369.8
no slopes 3371.7 1.9 0.59
no int or slp 3553.1 183.3 0
Extraversion
full 3373.9
no slopes 3374.8 0.9 0.83
no int or slp 3516.6 142.7 0
Neuroticism
full 3390.7
no slopes 3392.3 1.6 0.66
no int or slp 3530.6 139.9 0
Conscientiousness
full 3367.2
no slopes 3369.3 2.1 0.55
no int or slp 3483 115.8 0
Agreeableness
full 3380.6
no slopes 3383.1 2.5 0.48
no int or slp 3527.3 146.7 0
Openness
full 3377.3
no slopes 3378.7 1.4 0.71
no int or slp 3533.1 155.8 0
66
Table 5.14: REML estimates of fixed effects for between-person predictors
Coefficients
Variable Verb Int Phys Int Ops Int Cont Int Slope
Cognitive ability estimate 0.015 -0.009 -0.013 -0.016 0.003
p 0.111 0.280 0.159 0.002 0.117
Extraversion estimate 0.151 0.244 0.227 0.178 -0.180
p 0.018 0.001 0.003 0.000 0.268
Neuroticism estimate -0.162 -0.038 -0.148 -0.157 -0.014
p 0.000 0.590 0.050 0.000 0.390
Conscientiousness estimate 0.253 0.081 0.120 0.287 0.038
p 0.013 0.415 0.198 0.000 0.094
Agreeableness estimate 0.101 0.062 0.134 0.255 -0.107
p 0.186 0.511 0.123 0.000 0.611
Openness estimate 0.203 0.213 0.272 0.196 -0.038
p 0.003 0.005 0.001 0.000 0.011
Table 5.15: Correlations for intercepts and slopes predicting later outcomes
Variable Absent Hrs State Exam Firearms Exam
Exam Intercept -0.09 0.36 0.34
Exam Slope -0.03 -0.12 -0.15
Self Rating Intercept 0.07 0.03 0.08
Self Rating Slope -0.11 0.07 0.01
Instructor Rating Intercept -0.06 0.12 0.27
Instructor Rating Slope -0.05 0.13 0.27
Variable Firing Score Training Range Award Final Inst Rating
Exam Intercept 0.09 0.02 0.08 0.49
Exam Slope -0.01 -0.04 -0.05 -0.37
Self Rating Intercept 0.16 -0.04 -0.08 0.17
Self Rating Slope -0.09 0.04 0.02 0.06
Instructor Rating Intercept 0.21 0.05 0.19 0.62
Instructor Rating Slope 0.22 0.05 0.21 0.62
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Table 5.16: Correlations between self- and instructor ratings of performance
Instructor Ratings
Self Ratings ISELFD1 ISELFD2 ISELFA1 ISELFA2 ISELFA3 ISELFH1 ISELFH2 ISELFR1
selfdepend1 0.25 0.24 0.25 0.31 0.19 0.24 0.23 0.15
selfdepend2 0.12 0.12 0.07 0.10 0.16 0.11 0.05 0.03
selfappear1 0.00 -0.01 0.11 0.04 0.02 0.01 0.04 0.02
selfappear2 -0.06 -0.05 -0.03 -0.05 0.06 -0.01 -0.03 -0.05
selfappear3 -0.06 -0.06 -0.01 -0.05 0.17 -0.06 0.00 0.02
selfrelations1 -0.08 -0.07 -0.05 -0.05 0.02 0.04 0.03 0.05
selfrelations2 -0.10 -0.11 -0.09 -0.06 -0.03 -0.02 -0.03 -0.05
SELFR1 -0.10 -0.11 -0.09 -0.06 -0.05 -0.05 -0.10 -0.06
SELFR2 0.00 -0.02 0.05 0.04 0.02 0.03 0.07 0.03
SELFR3 -0.04 -0.03 -0.02 -0.02 0.02 -0.01 -0.01 -0.02
SELFR4 0.05 0.06 0.06 0.07 0.09 0.13 0.06 0.13
selfacademics 0.03 0.02 -0.06 0.06 0.09 0.03 0.10 0.07
selffirearms -0.05 -0.05 -0.04 -0.02 0.05 -0.06 -0.03 -0.06
selftactics 0.09 0.09 0.09 0.14 0.11 0.17 0.10 0.11
selfscenarios -0.06 -0.08 -0.08 -0.06 0.04 0.00 0.00 0.08
selfreports -0.02 -0.01 -0.05 -0.06 0.03 -0.05 -0.01 0.00
ISELFR2 ISELFR3 ISELFR4 PERF1I PERF2I PERF3I PERF6I PERF7
selfdepend1 0.25 0.24 0.15 0.16 0.01 0.10 0.03 -0.01
selfdepend2 0.03 0.14 0.09 0.18 0.00 0.06 0.02 0.09
selfappear1 -0.02 0.06 0.04 0.00 0.02 0.03 -0.11 -0.04
selfappear2 0.00 -0.02 -0.04 0.01 -0.05 -0.09 -0.10 0.02
selfappear3 -0.01 -0.02 -0.04 -0.04 -0.09 -0.10 -0.02 0.07
selfrelations1 -0.05 0.01 0.03 -0.10 -0.17 -0.03 -0.09 -0.04
selfrelations2 -0.04 -0.02 -0.02 0.04 -0.09 -0.03 -0.10 -0.06
SELFR1 -0.06 -0.06 -0.08 0.01 0.08 -0.01 -0.09 -0.09
SELFR2 0.20 -0.02 0.00 -0.14 0.01 -0.04 0.00 -0.05
SELFR3 0.00 0.03 -0.02 -0.13 -0.04 -0.12 -0.23 -0.15
SELFR4 0.15 0.12 0.15 -0.02 0.03 0.05 -0.11 0.00
selfacademics 0.00 0.00 0.02 0.30 0.10 0.13 0.10 0.12
selffirearms 0.05 -0.04 -0.02 -0.11 0.35 0.14 -0.01 0.00
selftactics 0.20 0.15 0.15 -0.02 0.14 0.08 0.10 -0.05
selfscenarios 0.02 0.02 0.01 0.02 0.13 0.10 0.11 0.09
selfreports -0.04 -0.02 0.00 0.14 0.03 -0.01 0.00 0.13
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Chapter 6
DISCUSSION
This study aimed to explore the multivariate and dynamic aspects of the
criterion space. A definition of job performance as a behavioral repertoire
was developed. This repertoire was investigated using self- and instructor-
ratings of performance in a police academy setting, and examination scores.
Changes in different facets of performance were mapped onto various indi-
vidual differences and time-varying regulatory mechanisms.
First, confirmatory factor analyses were fit to the performance data.
These analyses generally supported a bifactor model, with a general fac-
tor and several primary factors. This model marginally fit the data in the
first three measurement occasions, but had problems in the final measure-
ment occasion. Exploratory item cluster and factor analyses suggested that
the performance indicators used do reflect a multifaceted construct. A gen-
eral factor could be extracted in the bifactor models, but several indicators
had quite low loadings on it. Furthermore, the item clusters are meaning-
ful, showing important differentiation over time, from a strong general per-
formance cluster through to task and contextual performance clusters and
finally differentiating instructor versus self-rated task performance and self-
rated contextual performance. These cluster and factor analysis results are
consistent with hypothesis 1, that multiple factors would underlie the per-
formance indicators.
The temporal patterns for the performance indicators showed generally
small mean trends for various performance indicators. Exams and instructor-
rated academic performance both showed small negative trends, with no
random effects. All self-rated performance indicators and instructor-ratings
of control tactics showed small positive trends with random effects, indicating
individual differences in these mean trajectories. Finally, instructor ratings
of firearms performance showed no mean trend, but a small random effect,
indicating individual variability.
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It was expected that corresponsive effects would be found, such that the
personal characteristics that led people to become police officers would dis-
play the greatest changes in response to the training context. The recruits
in the sample were more extraverted, conscientious, and agreeable than typ-
ical, and less neurotic and open than typical. Furthermore, it was a pri-
ori expected that social potency would particularly increase and that stress
reactance would particularly decrease. Social Potency, Agreeableness, and
Openness showed small increases, though Social Potency showed the largest
slope. Furthermore, Neuroticism and Stress Reactance displayed negative
trends. There was no random effect for Stress Reactance, indicating that the
decrease was essentially uniform for recruits in the sample, which is consis-
tent with a socialization effect. Conscientiousness and Extraversion showed
no significant mean time trend, but did show random slopes. This is more
consistent with individual differences in change patterns than with a general
contextual effect.
Hypotheses 2 and 3 examined whether different facets of performance
show different patterns of change, and whether there are individual differ-
ences in change. Both were supported. Different growth curves were iden-
tified for each of the performance facets, ranging from zero for contextual
performance through the lower .20s for operations performance. The likeli-
hood ratio test that these facets do not show different growth patterns would
have been impossible within a univariate framework. Furthermore, individ-
ual differences in the intercepts were found for these facets and there were
small but significant individual differences in the slopes, as well. Some of
this variability could be explained by level-2 Openness and Conscientious-
ness, though surprisingly, not cognitive ability. Cognitive ability was only a
significant and negative predictor of the intercept for contextual performance.
Residual within-measurement occasion variance, controlling for the growth
pattern, could be explained using time-varying covariates. These latter find-
ings provide some support for hypotheses 4 and 5, though not terribly strong
evidence, as the expected pattern was not supported. For instance, it was not
expected that Agreeableness and Openness would show changes comparable
to traits such as Extraversion and Neuroticism which were expected to change
during training. Additionally, the variability over time in these traits was also
associated with performance outcomes, which was unexpected. These find-
ings do call into question the theoretical logic of the study, or at least suggest
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that the theoretical model requires some additional explanations.
Moving to more traditional univariate approaches for exam scores and
instructor ratings of performance showed patterns of results that were more
consistent with previous research. Cognitive ability, Extraversion, and Agree-
ableness emerged as individual difference predictors of exam score intercepts,
though no evidence was found for a random slope for the growth trend on ex-
ams. The only time-varying covariate that was associated with exam scores
was performance-prove goal orientation, which showed a substantial negative
relationship.
Regarding the instructor ratings, all conclusions should be regarded some-
what cautiously. There was very little variance observed in these variables.
There was no general time trend in this outcome, but there was substantial
within-person variability, as illustrated in the trellis plots. Cognitive ability
again emerged as a level-2 predictor of the intercept, though its coefficient
was somewhat small. Agreeableness emerged as a negative predictor of rat-
ings’ intercept, perhaps because overly-agreeable individuals are perceived
by instructors as too weak or kind for police work. Performance-prove ori-
entation again emerged as a level-1 predictor, along with self-efficacy and
negative affect, all of which showed random slopes.
Finally, the ability of the trajectories of individual random intercept and
slope coefficients for “knowledge”, as indexed by exam scores, and “skill”, as
indexed by self- and instructor-ratings of simulation performance, as predic-
tors of later training outcomes was examined. Exam score intercepts were
useful in predicting passing the State certification exam and Firearms exam
scores and final overall instructor ratings. Exam slopes negatively predicted
final instructor ratings, but this is possibly a ceiling effect or a byproduct of
the extremely limited variability around the general slope on time for exam
scores. The intercepts for instructor ratings were somewhat predictive of
passing the State certification exam and receiving an award, and moderately
predictive of Firearms exam scores and firing range ratings. Instructor rating
intercepts were, naturally, highly predictive of final instructor ratings. The
trajectories of instructor ratings were so highly related to intercepts that they
provided no unique information.
The major hypotheses derived from the theoretical model were gener-
ally supported. However, the supplementary expectations that would help
to confirm whether or not the socialization mechanisms postulated were re-
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sponsible for the observed changes were only partially supported. Therefore,
it is best to conclude that the job performance repertoire likely develops in
the same way that underlies the general adult development process, including
such things as personality change and maturity.
6.1 Limitations
The empirical study reported is correlational in nature. Therefore, the most
damaging limitation of the work is that no strong causal inferences can be
made. It was not possible to obtain a waitlist-style control group, so it is
not possible to strongly infer that the changes observed during this study
are attributable to the training program. However, this limitation is likely
to occur in any realistic prospective validation design, and so reflects a real
practical constraint on inference.
Fortunately, the study does employ a prospective longitudinal design,
with all variables (except cognitive ability) measured at every time point. As
a result, it is possible to test cross-lagged effects and to therefore test direc-
tional hypotheses.7 Additionally, including mediator variables helps to clarify
the potential causal sequence. Unfortunately the pattern of mediation was
not supported, so this design feature did not provide strong inferences about
the causal pathways. Some support for the measured individual-differences
serving as cross-level moderators was found, but this evidence was not repli-
cable over performance facets or time-varying covariates.
This leaves us with the one potentially damning limitation of the study
reported here. The time sequence for measurement was chosen largely for
convenience. There is little in the way of theory to suggest when to make re-
peated criterion measurements. In fact, a strength of this study is that it may
speak to what are and are not appropriate time lags between measurements.
A further limitation is that the sample is composed entirely of police per-
sonnel. The predictors used are generally accepted as being valid over jobs
and performance criteria (e.g., Schmidt & Hunter, 1998; Barrick & Mount,
1991). Additionally, the criterion measures are based on the Campbell model
of performance (Campbell, 1990) and have been shown to be broadly appli-
7An initial Granger causality test was significant for Self-efficacy -> Exams (p < .0001)
and not for Exams -> Self-efficacy (p = .14 Granger, 1969).
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cable over a wide variety of jobs (e.g., Campbell, McHenry, & Wise, 1990).
These dimensions have such broad applicability because they are relatively
abstract; they allow for considerable specialization in the particular perfor-
mance indicators used to measure them. Training criteria measured include
knowledge retention and behavior skill demonstration, which are very gen-
eral types of training outcomes (e.g., Alliger, Tannenbaum, Bennett, Traver,
& Shotland, 1997).
6.2 Future Directions
This study addresses the dynamic influence of individual differences on a
wide array of job performance behaviors. However, they leave open a va-
riety of questions regarding the pathways of influence. Data collected here
begin to address the mediation of intelligence and personality traits by more
context-specific variables, which builds on work by Schmidt and Hunter
(1992; Schmidt, Hunter, & Outerbridge, 1986) and integrates aspects of the
Neo-Socioanalytic Model of personality.
However, there is considerable room open to investigate the processes by
which these variables wield their influence. Several theoretical models exist
that can be investigated, such as Klein’s (1989) control theoretic model of
motivation or Beal, Weiss, Barros, and MacDermid’s (2005) Episodic Pro-
cess Model, which discusses the effects of attentional and affective regulation
in discrete performance episodes. Both involve the self-regulation of behav-
ior at work over time, and provide theoretical insights into how individual
differences and self-regulation might be fruitfully integrated to study work be-
havior, including performance (e.g., Cervone, Shadel, Smith, & Fiori, 2006).
Furthermore, the Neo-Socioanalytic Model of personality can again provide
a useful framework for studies integrating these different approaches (Bogg
et al., 2008).
Future work could combine studies of work behavior across several time
scales. For instance, ecological momentary sampling studies of contextual
performance and counter-productive work behaviors could be compared to
longer term studies of the same performance facets, based on annual or semi-
annual performance evaluation studies. Such studies could help to clarify the
time sequencing of behavior. It is even possible that different mechanisms
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are responsible for short-term variability in performance behaviors than for
long-term development.
6.3 Conclusions
This study allows a new perspective on the validation of a selection battery.
These data also provide insight into the operation of a variety of individ-
ual differences at work in training. This study examined the prediction of
performance across several facets of the criterion domain over time. This al-
lowed a powerful prediction model of the individual differences-performance
relationship to be tested. The information collected allowed for testing the
mediating pathways of a variety of affective and regulatory mechanisms. The
design presented here opens up an entirely new framework for the validation
of selection tools. This design provides information about all sources of law-
ful variance in the job performance domain (Ghiselli, 1956; Inn et al., 1972)
and allows researchers and practitioners to understand how the predictors
used operate over time.
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Appendix A: Measures
Work Goal Orientation (Vandewalle, 1997)
Please evaluate yourself on the following statements. The scale reflects
your agreement with how well the statement describes you. 1=Not at all
2=Slightly agree 3= Neither agree nor disagree 4 = Moderately agree 5 =
Strongly Agree
1. I often read materials related to my work to improve my ability.
2. I am willing to select a challenging work assignment that I can learn a
lot from.
3. I often look for opportunities to develop new skills and knowledge.
4. I enjoy challenging and difficulty tasks at work where I’ll develop new
skills.
5. For me, development of my work ability is important enough to take
risks.
6. I prefer to work in situations that require a high level of ability and
talent.
7. I’m concerned with showing that I can perform better than my cowork-
ers.
8. I try to figure out what it takes to prove my ability to others at work.
9. I enjoy it when others at work are aware of how well I’m doing.
10. I prefer to work on projects where I can prove my ability to others.
11. I would avoid taking on a new task if there was a chance I would appear
rather incompetent to others.
12. Avoiding a show of low ability is more important to me than learning
a new skill.
13. I’m concerned with taking on a new task at work if my performance
might show I had low ability.
75
14. I prefer to avoid situations at work where I might perform poorly.
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Job-specific Self Efficacy (Jones, 1986)
Please evaluate yourself on the following statements. The scale reflects your
agreement with how well the statement describes you. 1 = Not at all 2 =
Slightly agree 3 = Neither agree nor disagree 4 = Moderately agree 5 =
Strongly Agree
1. My new job is well within the scope of my abilities.
2. I do not anticipate any problems in adjusting to work in this organiza-
tion.
3. I feel I am overqualified for the job I will be doing.
4. I have all the technical knowledge I need to deal with my new job, all
I need now is practical experience.
5. I feel confident that my skills and abilities equal or exceed those of my
future colleagues.
6. My past experiences and accomplishments increase my confidence that
I will be able to perform successfully in this organization.
7. I could have handled a more challenging job than the one I will be
doing.
8. Professionally speaking, my new job exactly satisfies my expectations
of myself. (R)
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RECRUIT PERFORMANCE SELF-EVALUATION FORM
Answer the following questions. The aim of this evaluation is to take a critical
look at your training, to identify those areas you are doing well, and/or those
that you need improvement. (Note: All items except for Teamwork and
Citizenship also rated by Instructors)
1 = Poor, 2 = Needs Improvement, 3 = Average, 4 = Above Average, 5
= Excellent
DEPENDABILITY:
1. I am punctual in arriving at activities, returning from breaks, and
complying with curfew.
2. I turn in assignments on time.
APPEARANCE/DEMEANOR/MAINTENANCE:
1. I wear my uniform in accordance with my department policy.
2. I am professional in my demeanor.
3. My quarters are well maintained.
HUMAN RELATIONS SKILLS:
1. I interact appropriately with my classmates.
2. I interact professionally with others.
TEAMWORK AND CITIZENSHIP
1. I assist classmates with training exercises as needed.
2. I assist instructors when asked.
3. I take initiative and volunteer for scenario exercises.
RESPONSE TO TRAINING:
1. I maintain a positive attitude when receiving instructions or sugges-
tions.
2. I take the initiative whenever possible and assume a leadership role.
3. I use the lessons I’ve learned from my peers and/or instructors.
4. I am involved in the training.
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Competent,
Poor Needs but needs Competent Exceeds
Area of Training Improvement continued work Expectations
Academics 1 2 3 4 5
Firearms 1 2 3 4 5
Control Tactics 1 2 3 4 5
Patrol Operations 1 2 3 4 5
Vehicle Stops 1 2 3 4 5
Integrated Scenarios 1 2 3 4 5
Report-Writing 1 2 3 4 5
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